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[Ninth  Annual  Report.] 


The  publications  of  the  United  States  Geological  Survey  are  issued  in  accordance  with  the  statute 
approved  March  3,  1879,  which  declares  that — 

“The  publications  of  the  Geological  Survey  shall  consist  of  the  annual  report  of  operations,  geological 
and  economic  maps  illustrating  the  resources  and  classification  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other¬ 
wise  in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientific  excnanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization  :  And  the 
moneyresuiting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States.” 

On  -July  7,  1882,  the  following  joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congress: 

“  That  whenever  any  document  or  report  shall  he  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  each  case  stated,  the  ‘  usual  number’  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them.” 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
’oy  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copies  for  gratuitous  distribution. 


ANNUAL  REPORTS. 

I.  First  Annual  Report  of  the  United  States  Geological  Survey,  by  Clarence  King.  1880.  8°.  79  pp. 
1  map. — A  preliminary  report  describing  plan  of  organization  and  publications. 

II.  Secoud  Annual  Report  of  the  United  States  Geological  Survey,  1880-’81,  by  J.  W.  Powell.  1882. 
8°.  lv,  588  pp.  61  pi.  1  map. 

III.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881— ’82,  by  J.  W.  Powell.  1883. 
8°.  xviii,  564  pp.  67  pi.  and  maps. 

IY.  Fourth  Annual  Report  ot  the  United  States  Geological  Survey,  1882-  83,  by  J.  \Y.  Powell.  1884. 
8°.  xxxii,  473  pp.  85  pi.  and  maps. 

V.  Fifth  Annual  Report  of  the  United  States  Geological  Survey,  1883— ’84,  by  J.  IY.  Powell.  1885. 
8°.  xxxvi,  469  pp.  58  pi.  and  maps. 

VI.  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-’85,  by  J.  W.  Powell.  1886. 
8°.  xxix,  570  pp.  65  pi.  and  maps. 

VII.  Seventh  Annual  Report  of  the  United  States  Geological  Survey,  1885— '86,  by  J.  \V.  Powell.  1888. 
8°.  xx,  656  pp.  72  pi.  and  maps 

VIII.  Eighth  Annual  Report  of  the  United  States  Geological  Survey,  1886-87,  by  J.  W.  Powell.  1889. 
8°.  2  v.  xx,  1063  pp.  76  pi.  and  maps. 

IX.  Ninth  Annual  Report  of  the  United  States  Geological  Survey,  1887-’88,  by  J.  "W.  Powell.  1889. 
8°.  xiii,  717  pp.  88  pi.  and  maps. 

The  Tenth  Annual  Report  is  in  press. 

MONOGRAPHS. 


Monograph  I  is  in  press. 

II.  Tertiary  History  of  the  Grand  Canon  District,  with  atlas,  by  Clarence  E.  Dutton,  Capt.  U.  S.  A. 
1882.  4°.  xiv,  264  pp.  42  pi.  and  atlas  of  24  sheets  folio.  Price  $10.12. 

III.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  atlas,  by  George  F.  Becker.  1882. 
4°.  xv,  422  pp.  7  pi.  and  atlas  of  21  sheets  folio.  Price  $11.00. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.  1883.  4°.  xiv,  451  pp.  3  pi.  Price  $1.50. 

V.  The  Copper-Bearing  Rocks  of  Lake  Superior,  by  Roland  Duer  Irving.  1883.  4°.  xvi,  464  pp. 
15  1.  29  pi.  and  maps.  Price  $1.85. 
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II 


ADVERTISEMENT. 


VI.  Contributions  to  the  Knowledge  of  the  Older  Mesozoic  Flora  of  Virginia,  by  William  Morris 
Fontaine.  1883.  4°.  xi,  144  pp.  54 1.  54  pi.  Price  $1.05. 

VII.  Silver-Lead  Deposits  of  Eureka,  Nevada,  by  Joseph  Story  Curtis.  188J.  4°.  xiii,  200  pp.  1G 

pi.  Price  $1.20. 

VIII.  Paleontology  of  the  Eureka  District,  by  Charles  Doolittle  Walcott.  1884.  4°.  xiii,  298  pp. 

241.  24  pi.  Price  $1.10. 

IX.  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield. '  1885.  4°.  xx,  338  pp.  35  pi.  1  map.  Price  $1.15. 

X.  Dinocerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  Othniel  Charles  Marsh. 
1886.  4°.  xviii,  243  pp.  50 1.  56  pi.  Price  $2.70. 

XI.  Geological  History  of  Lake  Laliontan,  a  Quaternary  Lake  of  Northwestern  Nevada,  by  Israel 
Cook  Russell.  1885.  4°.  xiv,  288  pp.  46  pi.  and  maps.  Price  $1.75. 

XII.  Geology  and  Mining  Industry  of  Leadville,  Colorado,  with  atlas,  by  Samuel  Franklin  Emmons. 
1886.  4°.  xxix,  770  pp.  45  pi.  and  atlas  of  35  sheets  folio.  Prico  $8.40. 

XIII.  Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 
1888.  4°.  xix,  486  pp.  7  pi.  and  atlas  of  14  sheets  folio.  Price  $2.00. 

XIV.  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Rocks  of  New  Jersey  and  the  Connecticut  Val- 
ley,  by  John  S.  Newberry.  1888.  4°.  xiv,  152  pp.  26  pi.  Price  $1.00. 

XV.  The  Potomac  or  Younger  Mesozoic  Flora,  by  William  Morris  Fontaine.  1889.  4°.  xiv,  377 
pp.  180  pi.  Text  and  plates  bound  separately.  Price  $2.50. 

XVI.  The  Paleozoic  Fishes  of  North  America,  by  John  Strong  Newberry.  1889.  4°.  340  pp.  53  pi. 
Price  $1.00. 

In  press: 

I.  Lake  Bonneville,  by  Grove  Karl  Gilbert. 

In  preparation  : 

—  Description  of  New  Fossil  Plants  from  the  Dakota  Group,  by  Leo  Lesquereux. 

—  Gasteropoda  of  the  New  Jersey  Cretaceous  and  Eocene  Marls,  by  R.  1’.  Whitfield. 

—  Geology  of  the  Eureka  Mining  District,  Nevada,  with  atlas,  by  Arnold  Hague. 

—  Sauropoda,  by  O.  C.  Marsh. 

—  Stegosauria,  by  O.  C.  Marsh. 

—  Brontotheridae,  by  O.  C.  Marsh. 

—  The  Penokee  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  by  Roland  D.  Irving  and 
C.  R.  Van  Hise. 

—  Report  on  the  Denver  Coal  Basin,  by  S.  F.  Emmons. 

—  Report  on  Silver  Cliff  and  Ten-Mile  Mining  Districts,  Colorado,  by  S.  F.  Emmons. 

—  Flora  of  the  Dakota  Group,  by  J.  S.  Newberry. 

—  The  Glacial  Lake  Agassiz,  by  Warren  TTpham. 

—  Geology  of  the  Potomac  Formation  in  Virginia,  by  W.  M.  Fontaine. 

BULLETINS. 

1.  On  Hypersthene- Andesite  and  on  Triclinic  Pyroxene  in  Augitic  Rocks,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  Buffalo  Peaks,  Colorado,  by  S.  F.  Emmons.  1883.  8°.  42pp.  2 pi.  Price  10  cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc.,  com¬ 
puted  by  Albert  Williams,  jr.  1883.  8°.  8  pp.  Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  76°  30',  from  Tompkins  County 

N.  Y.,  to  Bradford  County,  Pa.,  by  Henry  S.  Williams.  1884.  8°.  30  pp.  Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.  1884.  8°.  36  pp.  9  pi.  Price  5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  8°.  325  pp. 
Price  29  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.  1884.  8°.  43  pp.  Price  5  c^nts. 

7.  Mapoteca  Geologica  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  in  geographic  and  chronologic  order,  by  Jules  Marcou  and  John  Belknap  Marcou.  1884. 
8°.  184  pp.  Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D.  Irving  and  C.  R. 
Van  Hise.  1884.  8°.  56  pp.  6  pi.  Price  10  cents. 

9.  A  Report  of  work  done  in  the  Washington  Laboratory  during  the  fiscal  .year  1883-’84.  F.  W.  Clarke, 
chief  chemist  T.  M.  Chatard,  assistant  chemist.  1884.  8°.  40  pp.  Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  Doolittle  Walcott. 
1884.  8°.  74  pp.  10  pi.  Price  5  cents. 

11.  On  the  Quaternary  and  Recent  Mollusca  of  the  Great  Basin ;  with  Descriptions  of  New  Forms,  by 
R.  Ellsworth  Call.  Introduced  by  a  sketch  of  the  Quaternary'  Lakes  of  the  Great  Basin,  by  G.  K. 
Gilbert.  1884.  8°.  66  pp.  6  pi.  Price  5  cents. 

12.  A  Crystallographic  Study  of  the  Thinolite  of  Lake  Lahontan,  by  Edward  S.  Dana.  1884.  8°. 
34  pp.  3  pi.  Price  5  cents. 

13.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  with  a  Historical 
Sketch  of  the  Territorial  Changes,  by  Henry  Gannett.  1885.  8°.  135  pp.  Price  10  cents* 


ADVERTISEMENT. 


Ill 


14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent 
Strouhal.  1885.  8°.  238  pp.  Price  15  cents. 

15.  On  the  Mesozoic  amt  Cenozoic  Paleontology  of  California,  by  Charles  A.  White.  1885.  8°. 
33  pp.  Price  5  cents. 

16.  On  the  Higher  Devonian  Faunas  of  Ontario  County,  New  York,  by  JohnM.  Clarke.  1885.  8°. 

86  pp.  3  pi.  Price  5  cents. 

17.  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  Washoe,  Nevada,  with  Notes  on 
the  Geology  of  the  District,  by  Arnold  Hague  and  Joseph  P.  Hidings.  1885.  8°.  44  pp.  Price  5  cents. 

18.  On  Marine  Eocene,  Fresh- water  Miocene,  and  other  Fossil  Mollusca  of  Western  North  America, 
by  Charles  A.  White.  1885.  8°.  26  pp.  3  pi.  Price  5  cents. 

19.  Notes  ou  the  Stratigraphy  of  California,  by  George  F.  Becker.  1885.  8°.  28  pp.  Price  5  cents. 

20.  Contributions  to  the  Mineralogy  of  the  Rocky  Mountains,  by  Whitman  Cross  and  W.  F.  Hille- 
brand.  1885.  8°.  114  pp.  1  pi.  Price  10  cents. 

21.  Tbe  Lignites  of  the  Great  Sioux  Reservation.  A  Report  on  the  Region-between  the  Grand  and  Mo¬ 
reau  Rivers,  Dakota,  by  Bailey  Willis.  1885.  8°.  16  pp.  5  pi.  Price  5  cents. 

22.  On  New  Cretaceous  Fossils  from  California,  by  Charles  A.  White.  1885.  8°.  25  pp.  5  pi.  Price 
5  cents. 

23.  Observations  on  tbe  Junction  between  the  Eastern  Sandstone  and  the  Keweenaw  Series  ou 

Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamberlin.  1885.  8°.  124  pp.  17  pi. 

Price  15  cents. 

24.  List*of  Marine  Mollusca,  comprising  tbe  Quaternary  fossils  and  recent  forms  from  American 
Localities  between  Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas,  by  William  Healey  Dali 
1885.  8°.  336  pp.  Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineas  Barnes. 
1885.  8°.  85  pp.  Price  10  cents. 

26.  Copper  Smelting,  by  Henry  M.  Howe.  1885.  8°.  107  pp.  Price  10  cents. 

27.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 

1884- ’85.  1886.  8°.  80  pp.  Price  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  Neighborhood  of  Baltimore,  Md., 
by  George  Huntington  Williams.  1886.  8°.  78  pp.  4  pi.  Price  10  cents. 

29.  On  the  Fresh-water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
8°.  41  pp.  4  pi.  Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles  Doo¬ 
little  Walcott.  1886.  8°.  369  pp.  33  pi.  Price  25  cents. 

31.  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapods  and  Arach¬ 
nids,  by  Samuel  Hubbard  Seudder.  1886.  8°.  128  pp.  Price  15  cents. 

32.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States;  a  Preliminary  Study,  by  Albert 
C.  Peale.  1886.  8°.  235  pp.  Price  20  cents. 

33.  Notes  on  tbe  Geology  of  Northern  California,  by  J.  S.  Diller.  1886.  8°.  23  pp.  Price  5  cents. 

34.  On  the  relation  of  the  Laramie  Molluscan  Fauna  to  that  of  the  succeeding  Fresh-water  Eocene 

and  other  groups,  by  Charles  A.  White.  1886.  8°.  54  pp.  5  pi.  Price  10  cents. 

35.  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent  Strouhal.  1886.  8°.  62 

pp.  Price  10  cents. 

36.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Barus.  1886.  8°.  58  pp.  Price  10  cents. 

37.  Types  of  the  Laramie  Flora,  by  Lester  F.  W  aid.  1887.  8°.  354  pp.  57  pi.  Price  25  cents. 

38.  Peridotite  of  Elliott  County,  Kentucky,  by  J.  S.  Diller.  1887.  8°.  31  pp.  1  pi.  Price  5  cents. 

39.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  by  Warren  Upham.  1887.  8°.  84 
pp.  1  pi.  Price  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  Willis.  1887.  8°. 
10  pp.  4  pi.  Price  5  cents.. 

41.  On  the  Fossil  Faunas  of  the  Upper  Devonian — the  Genesee  Section,  New  York,  by  Henry  S. 
Williams.  1887.  8°.  121  pp.  4  pi.  Price  15  cents. 

42.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 

1885- ’86.  F.  W.  Clarke,  chief  chemist.  1887.  8°.  152  pp.  1  pi.  Price  15  cents. 

43.  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  Rivers,  by  Eugene 

A.  Smith  and  Lawrence  C.  Johnson.  1887.  8°.  189  pp.  21  pi.  Price  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  II.  Darton.  1887.  8°.  35  pp. 
Price  5  cents. 

45.  The  Present  Condition  of  Knowledge  of  the  Geology  of  Texas,  by  Robert  T.  Hill.  1887.  8°.  94 
pp.  Price  10  cents. 

46.  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,  by  R.  A.  F.  Penrose,  jr.,  with  an  Introduc¬ 
tion  by  N.  S.  Shaler.  1888.  8°.  143  pp.  Price  15  cents. 

47.  Analyses  of  Waters  of  the  Vellowstone  National  Park,  with  an  Account  of  the  Methods  of  Anal¬ 
ysis  employed,  by  Frank  Austin  Gooch  and  James  Edward  Whitfield.  1888.  8°.  84  pp.  Price  10 
cents. 

48.  On  the  Form  and  Position  of  the  Sea  Level,  by  Robert  Simpson  Woodward.  1888.  8°.  88  pp. 

Price  10  cents. 
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49.  Latitudes  and  Longitudes  of  Certain  Points  iu  Missouri,  Kansas,  and  New  Mexico,  by  Robert 
Simpson  Woodward.  1889.  8°.  133  pp.  Price  15  cents. 

50.  Formulas  and  Tables  to  facilitate  tbe  Construction  and  IJse  of  Maps,  by  Robert  Simpson  Wood¬ 
ward.  1889.  8°.  124  pp.  Price  15  cents. 

51.  On  Invertebrate  Fossils  from  tbe  Pacific  Coast,  by  Charles  Abiatbar  White.  1889.  8°.  102  pp. 

14  pi.  Price  15  cents. 

52.  Subaerial  Decay  of  Rocks  and  Origin  of  the  Red  Color  of  Certain  Formations,  by  Israel  Cook 
Russell.  1889.  8°.  65  pp.  5  pi.  Price  10  cents. 

53.  The  Geology  of  Nantucket,  by  Nathaniel  Southgate  Shaler.  1889.  8°.  55  pp.  10  pi.  Price  10 
cents. 

54.  On  the  Thermo-Electric  Measurement  of  High  Temperatures,  by  Carl  Barus.  1889.  8°.  313  pp. 
incl.  1  pi.  11  pi.  Price  25  cents. 

55.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 

1886- ’87.  Frank  Wigglesworth  Clarke,  chief  chemist.  1889.  8°.  96  pp.  Price  10  cents. 

56.  Fossil  Wood  and  Lignite  of  the  Potomac  Formation,  by  Frank  Hall  Knowlton.  1889.  8°.  72  pp. 
7  pi.  Price  10  cents. 

57.  A  Geological  Reconnaissance  in  Southwestern  Kansas,  by  Robert  Hay.  1890.  8°.  49  pp.  2  pi. 
Price  5  cents. 

59.  The  Gabbros  and  Associated  Rocks  in  Delaware,  by  Frederick  D  Chester.  1890.  8°.  45  pp. 
1  pi.  Price  10  cents. 

In  press: 

58.  On  the  Glacial  Boundary,  by  G.  F.  Wright. 

60.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 

1887- ’88. 

61.  Mineralogy  of  the  Pacific  Coast,  by  W.  H.  Melville  and  Waldemar  Lindgren. 
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NINTH  ANNUAL  REPORT  OF  THE  UNITED  STATES 

GEOLOGICAL  SURVEY. 


By  J.  W.  Powell,  Director. 


PROGRESS  IN  TOPOGRAPHIC  WORK. 

During  the  past  year  topographic  surveys  have  been  car¬ 
ried  forward  under  the  charge  of  Mr.  Henry  Gannett  in  accord¬ 
ance  with  the  general  plan  developed  in  previous  reports,  and 
satisfactory  progress  has  been  made.  The  area  surveyed  was 
52,062  square  miles.  The  distribution  of  the  work  done  is 
shown  graphically  in  PI.  I,  in  the  pocket  at  the  end  of  the 
volume.  The  following  table  exhibits  in  detail,  by  States,  the 
present  condition  of  the  work,  together  with  that  executed 
during  the  past  fiscal  year: 


Table  showing  the  present  condition  of  topographic  surveys  and  the  areas 
surveyed  in  1S87-’S8,  by  States  and  Territories. 


State. 

Total 
area  of 
State. 

Area 
surveyed 
to  date. 

Area 
surveyed 
in  1887-’8. 

Scale. 

Contour  in¬ 
terval. 

Alabama . 

Sq.  miles. 
52, 250 

Sq.  miles. 
9,  320 

Sq.  miles. 

3,  000 

1 : 125, 000 

Feet. 

100 

Arizona . _ . 

113,  020 
53, 850 

41,000 

4,000 

1 : 250,  000 

200  and  250 

Arkansas . 

4,000 

1 : 125, 000 

50 

California . 

158,  360 

23, 000 

1,436 

1 : 250,  000 

100  and  200 

Colorado . . . 

103, 925 

2,500 

150 

1 :  125, 000 
1:  62,500 

100 

Connecticut  _ _ _  .. 

4,990 

70 

20 

District  of  Columbia.. 

70 

70 

1:  62,500 

20 

Georgia  . 

59, 475 

9,030 

2,100 

1 : 125, 000 

100 

Iowa . 

56, 025 

950 

950 

1:  62,500 

20 

Kansas . 

82, 080 

28, 000 

1,000 

1 : 125, 000 

50 
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Table  showing  the  present  condition  of  topographic  surveys  and  the  areas 
surveyed  in  1887-88,  etc. — Continued. 


State. 

Total 
area  of 
State. 

Area 
surveyed 
to  date. 

Area 
surveyed 
in  1887-8. 

Scale. 

Coutour  in¬ 
terval. 

Sq.  miles. 

Sq.  miles. 

Sq.  miles. 

Feet. 

Kentucky  . 

40, 400 

6,270 

1,400 

1 :  125, 000 

100 

Maryland . 

12, 210 

3,  080 

900 

1 : 125, 000 

20,  50,  100 

Massachusetts . 

8,315 

8,  315 

2,  350 

1:  62,500 

20 

Missouri . 

69,415 

26, 000 

7,900 

1 : 125, 000 

50 

Montana . 

146, 080 

6,000 

3,010 

1 : 250, 000 

200 

Npvnd  a. 

110,700 

14, 000 

1 : 250, 000 

200  and  250 

IV  p  w  I  T  a,  m  p  si  lire. 

100 

1 :  62, 500 

New  Jersey  -  - 

7,  815 

7,  815 

1:  62,500 

10  and  20 

New  Mexico . 

122, 580 

15, 000 

7, 200 

1 : 250,  000 

200 

North  Carolina . 

52, 250 

9,900 

1,300 

1 : 125, 000 

100 

Oregon . 

96, 030 

8,  000 

3,327 

1 : 250,  000 

200 

Rhode  Island . 

1,250 

250 

144 

1:  62,500 

20 

South  Carolina _ _ 

30, 570 

2,  00 

1 : 125, 000 

100 

Tennessee . 

42  050 

12,  615 

1 :  125, 000 

100 

Texas . 

265, 780 

20, 000 

4,050 

1 :  125, 000 

50 

Utah  ... _ _ _ _ _ 

84, 970 

6,000 

1 :  250, 000 

250 

Vermont . 

9,565 

100 

1:  62,500 

20 

(  1:125,000 

50  and  100 

Virginia  . 

42, 450 

22, 225 

6,  025 

l  1:  62,500 

20 

West  Virginia . 

24, 780 

15, 150 

1,800 

1 : 125, 000 

100 

Wisconsin . 

56, 040 

1,000 

136 

1:  62,500 

20 

Wyoming,  including 

Yellowstone  Na- 

tional  Park . 

97, 890 

4,000 

1 : 125, 000 

100 

Total . . 

306, 140 

The  survey  of  Massachusetts,  which  was  undertaken  in  1884 
in  cooperation  with  the  State  authorities,  has  been  completed, 
and  the  work  has  met  with  the  approval  of  the  commissioners 
representing  the  State.  The  maps  have  been  drawn  and  a 
number  of  them  have  been  engraved.  The  small  map  of  Massa¬ 
chusetts,  upon  a  scale  of  1:  300,000,  reduced  from  the  atlas 
sheets  in  100  feet  contours,  has  been  substantially  completed. 
In  Maryland  an  atlas-sheet  area,  embracing  Baltimore  and  its 
suburbs,  has  been  surveyed  on  the  mile  scale  for  publication. 
In  the  southern  Appalachian  region  work  has  been  extended 
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both  in  the  mountains  and  in  the  comparatively  level  country 
upon  the  east  and  south.  Work  has  been  commenced  in  Arkan¬ 
sas,  Iowa,  and  Wisconsin,  and  has  been  extended  northward  in 
Texas.  In  the  Far  West  the  survey  of  the  plateau  region  of 
New  Mexico,  of  the  Sierra  Nevada  in  California,  of  the  Cascade 
Range  in  Oregon,  and  of  the  Rocky  Mountains  of  Montana, 
has  been  considerably  extended. 

The  improvements  in  instruments  and  methods  of  work  have 
kept  pace  with  the  extension  of  surveys.  The  recognized  ob¬ 
ject  of  the  work  being  the  production  of  a  topographic  map 
solely,  it  has  been  found  that  graphic  methods  of  work  are  not 
only  the  most  economical  and  rapid,  but  that  they  yield  the 
best  results  in  quality ;  hence  the  development  of  method  has 
tended  in  the  direction  of  the  use  of  the  plane  table  for  all  sur¬ 
veying  processes,  and  this  has  been  carried  out  as  rapidly  and 
as  far  as  the  instruments  could  be  adapted  to  the  required  pur¬ 
poses. 

The  engraving  of  the  maps  has  gone  forward  during  the 
year  with  a  fair  degree  of  rapidity,  but  not  as  rapidly  as  is  re¬ 
quired  to  keep  pace  with  their  preparation.  At  the  date  of  my 
last  report  120  sheets  had  been  engraved,  and  a  small  edition 
(250  copies)  of  each  sheet  had  been  printed  for  the  use  of  the 
office  and  to  supply  pressing  demands.  During  the  year  con¬ 
tracts  for  engraving  100  sheets  have  been  made  by  the  Public 
Printer  with  Messrs.  Bien  &  Co.,  of  New  York.  The  following 
table  shows  the  numbers,  distribution,  and  areas  of  the  46  sheets 
thus  far  engraved  under  the  contract: 

Table  showing  number ,  distribution,  etc.,  of  the  atlas  sheets  engraved  to  the 

30 th  of  June,  1888. 


State  or  Territory. 

Wholly 
in  State. 

Partly 
in  State. 

Scale. 

Contour 

interval 

(feet). 

Approximate 
area  (square 
miles). 

A 1  ah  a  m  a  _ _ _ _ 

3 

3 

1  :  125. 000 

100 

4,200 

Arizona _ _ ...... _ _ .... 

14 

2 

1  :  250,  000 

200  and  250 

58, 000 

California . . . 

8 

1 

1  :  125, 000 

100  and  200 

25, 000 

District  of  Columbia _ 

2 

1  :  62, 500 

20 

70 

Oenro-ini _ _ _ _ _ 

1 

4 

1  :  125, 000 

100 

3,800 

T\ mi _ _  ....  .... 

10 

4 

1  :  125, 000 

50 

13,000 

Kentucky  . 

1 

6 

1  :  125,  000 

100 

4,300 
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Table  showing  number ,  distribution ,  etc.,  of  the  atlas  sheets  engraved  to  the 

30th  of  June,  1888 — Continued. 


State  or  Territory. 

Wholly 
m  State. 

Partly 
in  State. 

Scale. 

Contour 

interval 

(teet). 

Approximate 
area  ( square 
miles). 

c  1  :  62, 500  ) 

Maryland . 

4 

l  1  :  125, 000  > 

20  and  1 00 

800 

Massachusetts . 

6 

1 

1  :  62, 500 

20  and  40 

1,500 

Missouri . 

16 

4 

1  :  125, 000 

50 

17, 000 

Mnntanfl, _ _ _ 

4 

1  :  250, 000 

200 

13,  300 

Nevada  . 

4 

3 

1  :  250,  000 

200 

23, 500 

N” p  w  .T orsp.y _ _ _ _ 

22 

1  :  62, 500 

10  and  20 

5  000 

New  ATpx i f*o  _ _ _ 

2 

1  :  250, 000 

200 

8,  000 

North  Carolina  . 

1 

7 

1  :  125,  000 

100 

3,800 

Rhode  Island ... _ _ _ _ 

1 

1  :  62,  500 

20 

'  30 

South  Carolina . 

1 

1  :  125,  000 

100 

200 

Tennessee . 

5 

12 

1  :  125,  000 

100 

10, 600 

Texas  . . .  ........ 

12 

1  :  125,  000 

50 

12, 000 

Utah . 

17 

1 

1  :  250,  000 

250 

65,  000 

Virginia . . . . 

14 

1  :  125, 000 

100 

5,  700 

West  Virginia . 

3 

7 

1  :  125,  000 

100 

6, 600 

Wyoming  . . . . . 

2 

1  :  125,  000 

100 

600 

Yellowstone  National  Park 

2 

2 

1  :  125,  000 

100 

3,000 

Total . 

285, 000 

As  these  tables  indicate,  the  maps  are  drawn  on  different 
scales  in  different  regions,  being  approximately  one  mile  to  the 
inch  in  Massachusetts,  Wisconsin,  and  Ohio ;  two  miles  to  the 
inch  in  the  southern  Appalachians,  in  Missouri,  Kansas,  Texas, 
and  California,  and  four  miles  to  the  inch  in  New  Mexico, 
Oregon,  and  Montana. 

In  the  earlier  work  of  the  Geological  Survey  it  was  contem¬ 
plated  that  a  large  part  of  the  general  topographic  map  should 
be  projected  upon  a  scale  of  four  miles  to  the  inch.  This  was 
believed  to  be  the  smallest  scale  which  could  be  used  with  ad¬ 
vantage  and  to  be  the  least  costly.  The  last  two  years,  how¬ 
ever,  have  brought  great  improvements  in  the  methods  of 
work  in  the  instruments  and  appliances,  and,  above  all,  in  the 
skill  and  efficiency  gained  by  the  topographers  through  expe¬ 
rience  and  zealous  emulation.  The  cost  of  the  work  per  unit 
of  area  upon  any  given  scale  has  greatly  diminished,  the  qual- 
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ity  and  accuracy  of  the  work  have  been  much  improved,  and 
the  rapidity  with  which  a  given  grade  of  work  may  be  accom¬ 
plished  has  increased.  At  the  same  time  the  demand  for  maps 
of  greater  detail  and  upon  a  larger  scale  than  four  miles  to  the 
inch  has  been  rapidly  growing,  not  merely  for  scientific  pur¬ 
poses,  but  far  more  for  economic  purposes. 

The  general  utility  of  a  map  two  miles  to  the  inch  is  for  all 
purposes  many  times  greater  than  that  of  a  map  four  miles  to 
the  inch,  and  a  further  increase  of  utility  follows  from  increas¬ 
ing  the  scale  to  one  mile  to  the  inch.  In  those  regions  which 
are  more  thickly  settled  or  capable  of  supporting  a  denser  pop¬ 
ulation,  and  in  those  which  are  undergoing  a  rapid  develop¬ 
ment  of  their  material  resources,  it  has  become  manifest  that 
the  scale  of  four  miles  to  the  inch  is  too  small  for  the  utilita¬ 
rian  demands  which  are  made  of  a  map.  Such  regions  are 
diversified  by  relatively  smaller  topographic  features  and 
smaller  differences  of  altitude  than  the  mountain  regions, 
which  can  not  sustain  large  and  dense  populations.  It  has, 
therefore,  become  practically  imperative  to  enlarge  the  scale 
in  some  regions,  while  the  original  four-mile  scale  is  still  ad¬ 
hered  to  in  the  regions  of  high  mountains  and  arid  plains  and 
plateaus.  The  increased  cost  which  (other  things  equal) 
necessarily  attends  the  production  of  larger  scale  and  more 
accurate  and  elaborate  maps,  has  in  a  great  measure  been  off¬ 
set  by  more  economic  and  more  efficient  service  resulting 
from  constantly  growing  experience  and  skill  in  field  and 
office  work. 

PROGRESS  IN  GEOLOGIC  WORK. 

ATLANTIC  COAST  DIVISION. 

The  examination  of  the  swamp  and  marsh  lands  which  has 
been  described  in  preceding  annual  reports  has  been  continued 
during  the  past  year  under  the  charge  of  Prof.  N.  S.  Slialer. 
The  large  area  of  such  lands  along  the  Atlantic  coast  south  of 
New  York  and  their  situation  upon  the  coast  line  make  them 
especially  important,  and  even  a  subject  of  solicitude,  in  rela¬ 
tion  to  the  future  development  of  the  country. 
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Deleterious  to  health  in  their  natural  condition,  an  obstacle 
in  the  way  of  approach  to  the  sea,  repellant  to  the  settler,  to 
agriculture,  and  to  manufactures,  they  yet  hold  out  the  hope 
of  highly  productive  utilization  through  the  judicious  applica¬ 
tion  of  capital.  Wherever  they  are  susceptible  of  elfective 
drainage  they  are  generally  among  the  most  valuable  lands  for 
agricultural  purposes,  and  their  unhealthful  condition  can  be 
ameliorated  or  even  wholly  remedied.  There  are  over  100,000 
square  miles  of  such  lands  in  the  United  States,  a  large  pro¬ 
portion  of  which  by  good  engineering  can  be  rendered  highly 
productive.  Much  of  it  abounds  in  peat  and  iron  ores,  and  in 
South  Carolina  and  Georgia  it  contains  deposits  of  phosphates 
which  are  collected  and  treated  in  chemical  works  in  steadily 
increasing  quantities.  The  swamps  and  overflowed  lands  of 
the  interior  present  analogous  conditions.  Professor  Shaler 
has  visited  the  everglade  region  of  southern  Florida  along  the 
coast  to  ascertain  the  facts  with  reference  to  the  possibility  of 
drainage,  and  lias  met  with  highly  encouraging  results.  He 
has  investigated  such  evidences  as  were  accessible  bearing 
upon  the  origin  of  the  topographic  features  of  the  southern 
part  of  the  peninsula,  and  especially  those  which  are  indica¬ 
tive  of  elevation  or  subsidence  of  the  land  in  recent  geologic 
time.  He  has  also  made  a  preliminary  study  of  the  phosphate 
deposits  of  South  Carolina,  and  the  results  have  been  put  in 
form  to  be  published  as  a  bulletin  of  the  Survey. 

Progress  has  been  made  in  mapping  the  swamp  districts  of 
Massachusetts,  and  Professor  Shaler  has  completed  the  map¬ 
ping  of  those  occurring  in  the  vicinity  of  Abington  and  New- 
buryport.  A  large  amount  of  special  geologic  work  bearing 
upon  particular  questions  now  under  investigation  has  also 
been  done  by  Professor  Shaler,  and  the  details  are  set  forth  in 
his  report. 

DIVISION  OF  ARCHEA.N  GEOLOGY. 

In  many  parts  of  the  United  States  extensive  exposures  of 
very  ancient  strata  occur,  embracing  in  some  cases  formations 
which  are  older  than  the  oldest  fossiliferous  rocks  of  assignable 
age,  in  other  cases  formations  of  the  same  ages  as  some  of  the 
fossiliferous  beds,  but  in  a  condition  which  indicates  that  they 
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have  undergone  great  changes  since  their  deposition.  Not 
only  have  their  component  beds  been  tilted,  bent,  folded,  dis¬ 
located,  and  distorted  to  extreme  degrees,  but  their  mineralogic 
contents  and  their  textures  have  been  more  or  less  altered. 
One  effect  of  this  metamorphism  has  been  the  obliteration  of 
any  fossils  they  may  originally  have  contained,  and  upon  these 
the  geologist  mainly  relies  in  determining  the  ages  and  rela¬ 
tions  of  strata.  The  confusion  into  which  these  masses  have 
been  thrown  by  the  forces  which  have  fractured  and  distorted 
them  has  further  increased  the  difficulty.  The  present  state 
of  knowledge  concerning  the  origin,  relative  ages,  and  former 
condition  of  these  strata,  the  nature  of  the  processes  which 
have  wrought  these  profound  changes  in  their  constitution, 
and  their  relations  with  one  another  is  very  unsatisfactory, 
although  no  rocks  have  been  more  earnestly  studied.  While 
the  knowledge  which  has  been  gained  is  vast  in  amount  and 
highly  useful  in  its  way,  it  has  not  been  of  such  a  character 
that  it  could  be  grouped  and  generalized  into  broad  inductions, 
and  it  has  thrown  comparatively  little  light  upon  the  most 
important  questions. 

There  are  large  areas  within  the  United  States  where  these 
rocks  are  exposed.  The  most  extensive  are  the  New  England 
States,  the  southern  Appalachians,  the  vicinity  of  Lake  Supe¬ 
rior,  and  many  parts  of  the  great  mountain  region  of  the 
West,  and  especially  the  ranges  upon  and  near  the  Pacific 
coast.  It  is  deemed  of  importance  to  the  interests  of  geologic 
science  in  general,  both  of  systematic  and  economic  geology^ 
to  take  up  this  subject  and  prosecute  investigations  of  the 
older  crystalline  rocks  with  vigor.  The  two  fields  which  are 
regarded  as  offering  the  best  opportunities  and  prospects  for 
these  investigations  are  the  New  England  States  and  the  Lake 
Superior  region..  In  the  former  field  Prof.  R.  Pumpelly  has 
been  diligently  at  work  with  several  assistants.  Convinced 
that  the  Green  Mountains  of  Vermont  and  Massachusetts  are 
more  likely  to  yield  desired  results  and  to  clear  up  the  broader 
questions  relating  to  the  geology  of  New  England,  he  has 
divided  the  country  into  zones  across  those  mountains,  and  is 
prosecuting  the  investigation  of  their  structure  in  great  detail. 
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He  has  already  ascertained  the  components  of  the  Green 
Mountain  series  of  strata,  has  gained  considerable  knowledge 
of  their  lithology  and  relations,  and  has  made  much  progress 
towards  unraveling  their  complicated  structure  and  learning 
the  processes  by  which  their  metamorphism  was  effected. 

LAKE  SUPERIOR  DIVISION. 

The  investigation  of  corresponding  horizons  in  the  Lake 
Superior  region  has  been  conducted  by  Prof.  Roland  D.  Irving, 
and  his  assistant,  Prof.  C.  R.  Van  Hise.  They  have  made 
much  progress  towards  a  final  separation  of  these  older  rocks 
and  their  proper  classification.  Through  their  careful  re¬ 
searches  in  the  field  they  have  brought  to  light  strong  evidence 
that  below  the  oldest  fossiliferous  rocks  thus  far  systematized 
(the  Cambrian  system),  and  above  the  most  ancient  crystalline 
rocks  of  so-called  Archean  age  (the  Laurentian),  there  exists 
in  the  Lake  Superior  region  a  vast  mass  of  matter  resolvable 
into  several  subdivisions.  This  great  group  they  find  to  con¬ 
sist  chiefly  of  fragmental  material  of  the  same  general  nature 
and  origin  as  the  sedimentary  sandstones,  conglomerates,  and 
shales  of  the  later  group,  but  usually  much  altered  by  meta- 
morphic  action.  These  fragments  have  not  hitherto  yielded 
any  fossils  whose  forms  are  distinctly  preserved  or  which  can 
be  specifically  determined,  but  they  present  much  other  evi¬ 
dence  that  organic  life  was  abundant  during  their  deposition. 
The  laboratory  work  has  led  to  results  equally  significant.  In 
studying  the  composition  and  textures  of  these  rocks  several 
new  facts  have  been  brought  out  which  go  far  towards  ex¬ 
plaining  the  nature  of  the  processes  which  have  altered  the 
strata,  and  which  constitute  some  of  the  most  important  addi¬ 
tions  that  have  been  made  in  recent  years  to  our  knowledge 
of  the  metamorphism  of  rocks.  It  is  in  these  strata  that  the 
valuable  ore  beds  and  copper  of  the  Lake  Superior  region 
occur,  and  the  geological  investigation  is  now  so  far  advanced, 
that  the  material  is  ready  for  a  large  portion  of  the  final 
mapping  of  these  Highly  complicated  and  disturbed  strata 
whenever  the  topographic  sheets  are  finished.  The  untimely 
death  of  Professor  Irving,  on  May  27,  1888,  which  was  cer- 
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tainly  hastened  by  his  excessive  zeal  and  devotion  to  the  work 
in  his  charge,  if  not  entirely  due  to  it,  has  deprived  the  Geo¬ 
logical  Survey  of  one  of  its  ablest  and  most  energetic  geolo¬ 
gists  and  American  science  of  one  of  its  brightest  ornaments. 
The  charge  of  his  division  falls  upon  Professor  Van  Hise,  who 
has  fully  proved  his  fitness  to  carry  forward  the  work  in  this 
difficult  field. 

GLACIAL  DIVISION. 

Study  of  the  vestiges  of  glaciation  has  been  conducted  by 
Prof.  T.  C.  Chamberlin.  The  New  England  States,  New  York, 
a  large  portion  of  Pennsylvania,  and  in  general  the  States 
north  of  the  Ohio  River  and  east  and  north  of  the  Missouri, 
constitute  a  region  whose  superficial  deposits  and  soils,  whose 
lakes  and  minor  topographic  features,  have  been  profoundly 
modified  and  in  great  part  made  what  they  now  are  by  the 
action  of  glaciers.  This  region,  as  well  as  the  basins  of  the 
Great  Lakes  and  the  Canadian  provinces  indefinitely  north¬ 
ward,  was  doubtless  during  a  recent  geologic  period  sheeted 
over  with  ice  in  a  manner  which  finds  a  counterpart  in  the 
present  condition  of  Greenland.  This  conclusion-*-and  a  sim¬ 
ilar  one  has  been  reached  with  respect  to  certain  portions  of 
Europe — rests  upon  a  vast  mass  of  circumstantial  evidence  so 
clear  and  convincing  when  fully  urderstood,  that  it  may  be 
regarded  as  one  of  the  most  wonderful  and  pleasing  examples 
of  inductive  reasoning,  and  one  of  the  best  established  that 
the  whole  range  of  modern  science  affords. 

Professor  Chamberlin’s  work  has  been  the  investigation  of 
the  extent  of  this  former  field  of  ice  and  its  boundaries,  the 
nature  of  its  action  in  shaping  surface  features,  the  chief  inci¬ 
dents  of  its  history,  and  the  geologic  and  climatic  changes 
which  were  associated  with  it  as  causes  or  effects. 

Near  the  close  of  the  Glacial  Period  there  existed  in  the 
region  now  embraced  in  the  valley  of  the  Red  River  of  the 
North  and  that  of  the  Saskatchewan  a  great  lake,  to  which  the 
name  “Lake  Agassiz”  has  been  given.  Its  former  existence 
was  first  clearly  shown  and  its  approximate  limits  roughly 
defined  by  the  late  General  G.  K.  Warren,  of  the  Engineers. 
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A  considerable  arm  or  bay  of  this  lake  extended  up  the  Red. 
River  Valley  into  Dakota  and  Minnesota.  Its  ancient  beaches 
are  still  easily  discernible.  Its  bottom  received  the  deposits  of 
sediment  ground  from  the  rocks  by  the  great  continental  gla¬ 
cier  upon  whose  western  margin  the  lake  was  situated,  and 
these  deposits  constitute  those  soils  of  the  Red  River  Valley 
which  have  become  so  famous  for  their  fertility. 

In  cooperation  with  the  Canadian  Geological  Survey,  in 
whose  territory  the  greater  part  of  Lake  Agassiz  was  situated, 
Professor  Chamberlin’s  assistant,  Mr.  Warren  Upliam,  has 
made  a  study  of  the  portions  of  this  lake  basin  and  of  its 
beaches  which  lie  within  the  United  States.  This  work  has 
already  occupied  Mr.  Upham  several  seasons,  is  still  in  prog¬ 
ress,  and  has  brought  to  light  many  instructive  and  important 
facts.  Examinations  have  "also  been  made  of  glacial  deposits 
in  the  Coteau  du  Plateau  du  Missouri  of  Dakota  by  Prof.  J. 
E.  Todd;  in  northern  Illinois  and  adjacent  parts  of  Indiana 
and  Michigan  by  Mr.  Frank  Leverett ;  in  Wisconsin  by  Mr.  I. 
M.  Buell;  in  Indiana  by  Prof.  L.  C.  Wooster;  and  in  Maine 
by  Prof.  George  H.  Stone.  Large  and  important  additions 
have  thus  been  made  to  our  knowledge  of  the  distribution  and 
action  of  the  ancient  ice-sheet  and  of  the  history  of  the  conti¬ 
nent  during  the  Glacial  Period. 

APPALACHIAN  DIVISION. 

l'he  work  of  this  division  is  in  charge  of  Mr.  G.  K.  Gilbert. 
It  chiefly  consists  of  the  investigation  of  the  general  geology 
of  that  portion  of  the  Appalachian  region  in  which  the  mount¬ 
ains  and  ridges  are  composed  of  fixed  and  faulted  rocks  of 
Paleozoic  age.  For  the  purpose  of  ascertaining  in  detail  and 
with  precision  the  character  and  sequence  of  these  rocks  in  dif¬ 
ferent  parts  of  the  region,  and  the  general  character  of  the  dis¬ 
placements  by  which  their  order  is  disturbed,  the  geologists  of 
the  division  have  surveyed  with  thoroughness  certain  selected 
belts  of  country  crossing  the  great  belt  from  side  to  side. 

The  preliminary  work  is  now  completed,  and  the  assistants 
have  this  year  begun  the  areal  work  proper,  marking  on  the 
topographic  map  the  areas  covered  by  the  several  formations. 
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The  unit  for  areal  work  is  the  atlas  sheet,  one-half  degree 
square ;  each  party  is  initially  assigned  a  unit  area,  and  when 
its  survey  has  been  completed  is  assigned  another.  The  atlas 
sheet  will  also  be  the  unit  of  publication. 

The  soils  of  the  region  are  derived  from  the  rocks.  In  part 
they  are  constituted  by  disintegrated  rock  not  otherwise  dis¬ 
turbed  and  holding  its  original  position,  but  in  part  also  they 
result  from  the  transportation  and  sorting  of  disintegrated  rock 
by  streams,  waves,  glaciers,  or  winds.  The  complete  mapping 
of  the  geologic  features  thus  shows  the  distribution  of  the  soils, 
and  it  has  been  determined  to  separate  the  data  concerning 
soils  and  prepare  a  soil  map  to  accompany  each  geological  map. 
f  he  field  parties  gather  data  for  both  at  the  same  time. 

An  essay  on  the  comparative  stratigraphy  of  bituminous  coal 
districts,  in  preparation  by  Prof.  I  C.  White  and  mentioned  in 
previous  reports,  is  nearly  ready,  and  will  shortly  go  to  press. 

PACIFIC  COAST  DIVISION. 

The  economic  work  of  the  survey  is  carried  on  in  two  divis¬ 
ions — that  of  the  Pacific  Slope  under  Mr.  G.  F.  Becker,  and  that 
of  the  Rocky  Mountains  under  Mr.  S.  F.  Emmons. 

The  ultimate  object  of  this  is  to  arrive  at  a  more  complete 
understanding  than  we  now  possess  of  the  methods  of  deposi¬ 
tion  of  the  ores  of  metals  and  of  the  laws  which  govern  them. 
Incidental  to  the  attainment  of  this  object  much  information  is 
collected  with  regard  to  all  the  economic  resources  of  the  re¬ 
gions  examined,  and  their  development  in  those  regions  is  ma¬ 
terially  facilitated  and  advanced. 

No  attempt  has  yet  been  made  to  complete  a  systematic  study 
and  survey  of  all  the  deposits  of  the  Great  West,  but  the  course 
pursued  has  been  to  select  for  research  a  typical  mining  district, 
or  a  series  of  such  districts,  illustrating  a  particular  type  of  de¬ 
posits  or  the  mode  of  deposition  of  a  particular  metal  or  metal¬ 
lic  combination.  Of  these  an  exhaustive  study  is  made,  illus¬ 
trated  by  maps  and  diagrams,  and  after  thorough  chemical  and 
petrograpliical  study  of  the  material  gathered  the  results  are 
published  in  the  form  of  a  monograph. 
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CALIFORNIA  DIVISION. 

Iii  this  division,  towards  the  close  of  the  last  fiscal  year,  Mr 
Becker  had  completed  a  study  of  the  quicksilver  deposits  of 
the  western  United  States,  the  occurrence  of  these  ores  being* 
so  limited  in  extent  that  his  monograph  embraces  all  known 
deposits  of  this  metal  in  the  country,  and  a  supplemental  study 
of  some  European  deposits  has  enabled  him  to  gather  complete 
data  with  regard  to  all  known  deposits  of  the  world.  During 
the  current  year  he  has  been  detained  at  Washington  attending 
to  the  printing  of  this  monograph,  which  is  now  nearly  com¬ 
pleted.  In  the  mean  time  his  assistants  in  California  have  been 
occupied  in  preliminary  field  studies  of  the  Gold  Belt  of  Cali¬ 
fornia,  which  will  form  the  subject  of  his  next  monograph. 

In  the  Rocky  Mountain  region  the  ores  of  the  metals  consist 
of  such  a  variety  of  mineral  combinations  that  they  do  not  so 
readily  admit  of  a  segregation  into  classes  based  on  their  metal¬ 
lic  contents  alone.  For  the  final  generalizations  they  must,  to 
a  certain  extent,  be  treated  as  a  whole,  but  at  the  present  rate 
of  progress  it  will  be  many  years  before  all  the  many  mining 
districts  of  the  region  can  be  examined,  owing  to  the  unusual 
expenditure  of  time  and  money  required  as  compared  with 
other  geological  investigations  involved.  In  researches  for  gold 
and  silver  ores  the  object  is  not  the  direct  determination  of  the 
*  metallic  wealth  of  a  region,  as  yet  comparatively  unexplored 
or  undeveloped,  but  the  determination  of  certain  general  laws 
governing  the  occurrence  of  these  ores  in  the  most  completely 
explored  regions,  which  the  miner  or  prospector  himself  may 
apply  to  the  development  of  the  less  known  areas.  Owing  to 
the  delays  necessarily  attendant  upon  the  publication  of  the 
monographs,  the  practice  has  been  adopted  of  publishing  the 
more  important  facts  in  advance  of  the  final  publication  in  the 
form  of  short  articles  in  scientific  periodicals  or  of  abstracts  in 
the  annual  reports.  Thus,  although  Mr.  Emmons’s  monograph 
on  the  Geology  of  Leadville,  Colo.,  was  issued  from  the  press 
only  during  the  current  year,  an  abstract  of  it  was  published 
in  1882  in  the  Second  Annual  Report,  and  according  to  the 
testimony  of  those  engaged  in  mining  there  it  has  been  a  very 
great  aid  in  the  economic  development  of  the  district. 


REPORT  OF  THE  DIRECTOR. 


15 


The  geological  survey  of  the  Gold  Belt  of  California,  under 
Dr.  G.  F.  Becker,  lias  made  steady  progress  during  the  last  year, 
and  a  map  showing  the  larger  geologic  divisions  will  be  ready 
for  publication  almost  as  soon  as  the  topography  of  the  area  is 
completed,  i  he  transition  from  placer  and  hydraulic  mining 
to  lode  mining,  which  has  taken  place  in  California,  with  a 
steady  increase  in  the  output  by  the  latter  method,  renders  this 
survey  an  important  one,  and  Dr.  Becker  and  his  assistants  have 
already  discovered  many  facts  which  must  ultimately  be  of 
great  utility  to  that  industry. 

In  connection  with  this  division  a  large  amount  of  labora¬ 
tory  work  has  been  accomplished,  and  many  facts  bearing  on 
processes  of  ore  deposition  and  of  the  alteration  of  rocks  have 
been  established. 

COLORADO  DIVISION. 

During  the  current  year  field  work  has  been  done  in  the 
area  already  mapped  in  Gunnison  County,  Colo.,  which  com¬ 
bines  great  metallic  wealth  with  valuable  deposits  both  of  an¬ 
thracite  and  bituminous  coals.  Further  than  this,  Mr.  Em¬ 
mons  has  made  preliminary  examinations  of  other  mining  dis¬ 
tricts  which  may  in  the  future  be  the  field  of  detailed  work. 
The  preparation  of  the  two  monographs  on  the  Ten  Mile  and 
Silver  Cliff  Mining  districts,  and  on  the  Denver  Basin,  has 
been  continued  during  the  year,  and  abstracts  and  short  papers 
have  been  published  embodying  some  of  the  more  important 
generalizations  derived  therefrom. 

YELLOWSTONE  PARK  DIVISION. 

Under  the  charge  of  Dr.  Arnold  Hague  the  survey  of  the 
National  Park  has  made  much  progress.  A  topographic  map 
of  Mammoth  Hot  Springs  Basin  has  been  made  by  Mr.  Anton 
Karl,  of  the  topographic  corps,  and  maps  of  the  other  geyser 
basins  have  been  completed.  Dr.  Hague’s  geologic  work  has 
been  prosecuted  in  the  eastern  portion  of  the  Park  in  the  com¬ 
paratively  little-known  area  around  the  northern  part  of  the 
Wind  River  Range  and  the  Absaroka  Range,  which  constitute 
some  of  the  grandest  features  of  the  region.  His  inquiries 
have  thrown  much  light  on  the  geologic  history  of  the  features 
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of  the  Park  and  of  the  volcanic  processes  which  produced  such 
wonderful  results.  Many  instructive  studies  have  been  made 
of  the  action  of  the  geysers  and  hot  springs,  and  of  the  min¬ 
eral  deposits  to  which  they  have  given  rise. 

Dr.  Hague’s  attention  has  been  forcibly  drawn  to  the  im¬ 
portance  of  this  reservation  as  a  storage  area  for  the  head¬ 
waters  of  some  of  the  largest  upper  tributaries  of  the  Missouri 
and  also  of  the  Snake  River.  Yellowstone  Lake  is  the  largest 
natural  reservoir  of  the  Rocky  Mountain  region,  and  may  be 
an  important  factor  in  the  prosperity  of  future  populations  of 
the  country  adjoining  the  lower  courses-  of  the  Yellowstone 
who  will  be  dependent  upon  its  waters  for  irrigation. 

Dr.  Hague  lias  devoted  much  time  to  the  investigation  of 
this  important  subject,  and  has  obtained  information  which  can 
not  fail  to  be  of  great  value  in  the  future  deliberations  of  Con¬ 
gress  upon  questions  relating  to  its  policy  towards  the  public 
lands  upon  this  broad  water-shed  of  the  continent. 

CORRELATION  OF  FORMATIONS. 

In  order  to  develop  the  geological  history  of  the  United 
States  as  a  consistent  whole,  it  is  necessary  to  correlate  the 
various  local  elements.  The  events  of  one  district — the  suc¬ 
cession  of  eruptions,  sedimentary  deposits,  and  erosions — must 
be  connected  with  the  synchronous  events  of  other  regions. 
It  is  especially  important  to  determine  the  synchrony  of  de¬ 
posits.  So  far  as  the  outcrops  of  strata  can  be  continuously 
traced,  or  can  be  observed  at  short  intervals,  correlation  can 
be  effected  by  the  study  of  stratigraphy  alone.  The  correla¬ 
tion  of  strata  separated  by  wide  intervals  of  discontinuity  can 
be  effected  only  through  the  study  of  their  contained  fossils. 
This  is  not  always  easy,  and  it  is  now  generally  recognized 
that  it  is  possible  only  within  restricted  limits.  As  distance 
increases  the  refinement  in  detail  of  correlation  diminishes. 

Recent  discussions  in  connection  with  the  work  of  the  Inter¬ 
national  Congress  of  Geologists  have  shown  that  different  stu¬ 
dents  assign  different  limits  to  the  possibilities  of  correlation, 
and  give  different  weights  to  the  various  kinds  of  paleontologic 
evidence  employed. 
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The  study  of  the  data  and  principles  of  correlation  is  thus 
seen  to  be  a  necessary  part  of  the  work  of  the  Geological  Sur¬ 
vey,  and  by  making  the  study  at  the  present  time  it  can  offer 
a  timely  contribution  to  general  geologic  philosophy.  It  has 
therefore  been  determined  to  undertake  the  preparation  of  a 
series  of  essays  summarizing  existing  knowledge  bearing  on 
the  correlation  of  American  strata.  It  is  proposed  to  have  a 
treatise  prepared  by  a  competent  specialist  on  each  of  the  fol¬ 
lowing  systems:  The  Quaternary,  the  Newer  Tertiary,  the 
Older  Tertiary,  the  Cretaceous,  the  Jura-Trias,  the  Carbon¬ 
iferous,  the  Devonian,  the  Silurian,  the  Cambrian,  the  Epar- 
cliean,  and  the  Archean. 

Each  essay  Will  consider  the  several  geographic  provinces 
of  the  system  it  treats,  the  stratigraphic  divisions  that  have 
been  made  in  the  several  provinces,  the  extent  to  which  these 
divisions  can  be  correlated  with  one  another,  the  degree  of 
precision  with  which  the  upper  and  lower  limits  of  the  system 
can  be  correlated  with  the  limits  of  the  corresponding  Euro¬ 
pean  system,  and  the  extent  to  which  the  American  subdi¬ 
visions  cifn  be  correlated  with  the  European.  It  is  proposed 
to  treat  separately  the  evidence  from  vertebrate  fossils  and  the 
evidence  from  fossil  plants  as  to  all  the  systems  in  which  they 
are  found;  and  there  will  be  prepared  in  connection  with  the 
work  a  thesaurus  of  North  American  stratigraphic  terminology. 

The  work  has  been  placed  under  the  general  charge  of  Mr. 
G.  K.  Gilbert,  and  a  number  of  specialists  to  assist  him  have 
already  been  selected  from  the  various  divisions  to  the  Survey. 

DIVISION  OF  VOLCANIC  GEOLOGY. 

Large  areas  in  the  western  portion  of  the  United  States 
disclose  eruptive  rocks  and  strata  consisting  of  fragmental 
matter  erupted  from  volcanic  vents.  In  past  periods  of  geo¬ 
logic  time  the  activity  of  the  volcanic  forces  in  the  western 
part  of  the  continent  was  upon  a  scale  of  magnitude  which 
may  have  surpassed  anything  of  the  kind  which  has  been  wit¬ 
nessed  in  historic  times  in  any  part  of  the  world.  In  the 
northwestern  parts — in  Washington  Territory,  in  Idaho,  and 
in  0  regon — also  in  the  northern  parts  of  California  and  Nevada, 
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it  may  be  said  that  the  surface  rocks  are  chiefly  volcanic. 
The  great  mountains  of  the  Cascade  Range — Baker,  Ranier,  St. 
Helens,  Adams,  Hood,  Jefferson,  Pitt,  Shasta,  and  Lassen — 
are  all  extinct  volcanoes.  The  spaces  between  these  mountains 
are  covered  by  accumulations  of  lava  which  issued  from  hun¬ 
dreds  of  vents,  and  some  of  which  are  thousands  of  feet  in 
thickness.  Although  volcanic  action  seems  to  have  produced 
its  greatest  effect  in  those  regions,  there  are  other  portions  of 
the  West  where  the  scale  of  activity  was  not  generally  inferior. 
In  the  history  of  the  evolution  of  the  continent,  especially  in 
its  latter  periods,  volcanic  action  has  played  one  of  the  most 
important  parts. 

The  investigation  of  the  volcanic  fields  has  engaged  Capt. 
C  E.  Dutton  for  several  years,  but  owing  to  the  general  dis¬ 
tribution  of  eruptive  rocks  over  the  western  half  of  the  conti¬ 
nent,  his  labors  have  necessarily  been  limited  to  special  areas. 

During  the  last  three  years  his  principal  field  has  been  the 
Cascade  Range  in  northern  California  and  Oregon.  The  topo¬ 
graphic  work  in  this  field  has  begun  and  made  progress  north  of 
the  fortieth  parallel  and  west  of  the  one  hundred  and  twentieth 
meridian  as  far  as  the  Pacific,  and  is  rapidly  extending  in  south¬ 
ern  Oregon.  Captain  Dutton  has  made  preliminary  reconnais¬ 
sances  in  the  Cascade  Raime  from  the  north  end  of  the  Sierra 

O 

Nevada  as  far  as  the  Columbia  River,  and  has  already  grasped 
the  broader  and  most  obvious  features  of  the  structure,  extent, 
and  constitution  of  this  great  range,  and  its  relations  to  the  west¬ 
ward  coast  ranges  bordering  upon  the  Pacific.  During  the  past 
season  his  assistant,  Mr.  J.  S.  Diller,  has  completed  the  mapping 
of  the  geologic  formation  upon  two  of  the  completed  atlas 
sheets  in  the  vicinity  of  Lassen  Peak  and  the  northern  part 
of  the  Sacramento  Valley.  The  results  of  this  investigation 
have  already  thrown  great  light  upon  the  history  and  structure 
of  the  region  thus  mapped,  and  solved  some  of  the  most  im¬ 
portant  questions  relating  to  its  structure  and  stratigraphy. 

One  of  the  essential  processes  in  the  study  of  the  volcanic 
eruptions  is  a  careful  examination  of  the  constitution  of  the 
lavas  and  their  associated  minerals.  For  this  purpose  the 
microscope  is  one  of  the  most  important  instruments,  enabling 
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the  investigator  to  determine  the  minerals  by  their  optical 
properties.  The  preparation  of  the  rock  specimens  in  the 
form  of  thin  sections  is  one  of  the  chief  functions  of  the  petro¬ 
graphic  laboratory.  The  rock  specimens  which  have  been 
collected  by  all  divisions  of  the  Survey  and  which  require 
microscopic  examinations  are  sent  here  for  cutting,  grinding, 
and  mounting  in  a  suitable  manner.  Under  the  immediate 
charge  of  Mr.  J.  S.  Diller  this  most  useful  adjunct  of  the 
Survey  has  performed  a  large  amount  of  work  in  a  highly 
satisfactory  way. 

For  nearly  two  years  Captain  Dutton  has  been  also  occu¬ 
pied  in  the  investigation  of  the  Charleston  earthquake  and  in 
preparing  a  monographic  report  upon  it.  In  many  respects 
the  best  observed  earthquake  which  has  ever  occurred,  and 
perhaps  the  most  carefully  studied,  it  has  yielded  results  which 
undoubtedly  add  to  our  knowledge  of  such  phenomena.  But 
Captain  Dutton,  after  two  years  of -most  laborious  investiga¬ 
tion,  is  still  of  the  opinion  that  the  result  adds  but  little  to  our 
knowledge  of  the  ultimate  causes  which  produce  such  catas¬ 
trophes.  His  work  upon  this  earthquake  constitutes  the  most 
extensive  contribution  to  the  scientific  papers  embodied  in  this 
volume. 

POTOMAC  DIVISION. 

Along  the  border  of  the  Piedmont  region  of  the  Atlantic 
slope,  extending  from  northern  New  Jersey  as  far  south  as 
Alabama,  there  occur  certain  formations  which  have  attracted 
the  inquiries  of  geologists  ever  since  the  year  1835.  Their 
relations  to  adjoining  strata  and  their  ages  were  very  imper¬ 
fectly  understood  until  two  or  three  years  ago.  As  these  for¬ 
mations  are  an  important  factor  in  the  stratigraphy  of  the 
Atlantic  region,  it  seemed  desirable  that  they  should  be  thor¬ 
oughly  investigated.  The  subject  was  assigned  to  Mr.  W  J 
McGee,  who  began  the  examination  in  the  District  of  Colum¬ 
bia,  where  these  formations  are  well  exposed.  The  result  of 
his  field  work  has  been  gratifying.  Extending  his  researches 
both  north  and  south  along  the  margin  of  the  Piedmont  region, 
he  has  examined  many  exposures,  and  has  discovered  localities 
within  it  which  have  yielded  fossil  plants  and  vertebrates. 
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The  vertebrate  fossils  have  been  examined  by  Prof.  0.  0. 
Marsh,  who  lias  been  able  to  fix  their  age  as  Upper  Jurassic. 
The  plant  remains  have  been  examined  by  Prof.  W.  M.  Fon¬ 
taine,  and  are  found  to  be  in  the  main  new  types  which 
combine  the  features  that  characterize  the  floras  of  the  Lower 
Cretaceous  and  early  Jurassic  systems. 

Thus  the  primary  point  regarding  these  formations  may  be 
considered  to  be  established,  and  it  remains  only  to  trace  them 
out  upon  the  ground  in  their  full  extent.  When  this  is  accom¬ 
plished,  a  considerable  gap  in  our  knowledge  of  the  distribu¬ 
tion  of  the  geologic  formations  of  the  Atlantic  slope  will  be 
in  great  part  closed.  The  name  of  the  Potomac  formation 
has  been  given  to  this  series  of  strata,  in  conformity  with  the 
usual  practice  of  naming  formations  after  the  typical  localities 
which  first  yield  the  data  requisite  for  assigning  them  to  their 
true  positions. 

East  of  the  belt  in  which  the  Potomac  formation  is  disclosed 
and  adjoining  it  there  are  found  other  formations  of  later  age, 
which  have  also  been  a  subject  of  equal  uncertainty.  Mr. 
McGee  has  studied  them  with  much  care,  and  has  succeeded 
in  resolving  them  into  subdivisions  and  in  ascertaining  some 
of  their  most  important  relations  to  one  another  and  to  the 
subjacent  formations  and  in  assigning  to  them  approximately 
their  respective  ages.  They  are  of  late  Cenozoic  and  recent 
deposition.  They  have  important  relations  to  the  later  stages 
of  the  development  of  the  continental  border,  and  throw  light 
upon  the  origin  and  changes  of  its  topography  and  drainage 
system.  The  investigation  of  these  formations  in  their  wider 
distribution  during  the  past  year  has  made  progress  and  will 
be  continued. 

Much  uncertainty  has  existed  regarding  the  age  and  rela¬ 
tions  of  certain  Cenozoic  strata  in  the  State  of  Mississippi. 
Much  had  been  done  bv  the  earlier  work  of  Prof.  E.  W. 
Hilgard  upon  early  Cenozoic  formations  of  that  State,  but 
numerous  important  questions  still  require  investigation.  Mr. 
Lawrence  C  Johnson  has  been  engaged  during  the  year  in 
further  field  work  upon  these  problems,  especially  with  a  view 
of  ascertaining  the  relations  of  what  is  termed  the  Grand  Gulf 
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series  of  beds.  He  lias  succeeded  in  finding  them  lying  with 
apparent  conformity  upon  the  beds  of  Eocene  age,  which 
have  been  named  the  Vicksburg '  and  Jackson  beds  by  Pro¬ 
fessor  Hilgard.  He  has  also  made  progress  in  tracing  the  dis¬ 
tribution  of  all  these  formations  and  distinguishing  them  from 
one  another  throughout  the  State,  preparatory  to  the  comple¬ 
tion  of  the  topographic  work  and  the  mapping. 

MONTANA  DIVISION.  • 

Since  the  death  of  Dr.  F.  V.  Hayden  the  geological  work 
of  this  division  has  devolved  upon  Dr.  A.  C.  Peale. 

The  field  is  an  important  one,  on  account  of  the  greater 
fullness  with  which  the  Paleozoic  strata  of  the  West  are  rep¬ 
resented  and  the  greater  facility  with  which  their  correlations 
with  strata  of  corresponding  age  in  the  East  and  in  the  Upper 
Mississippi  Valley  can  be  traced.  In  some  sense  they  may 
be  said  to  form  a  connecting  link  between  the  eastern  and 
western  Paleozoic  systems.  Strata  of  Mesozoic  age  are  also 
well  represented.  Dr.  Peale’s  field  work  has  been  chiefly  in 
the  valleys  of  the  Gallatin  and  the  Madison  and  Jefferson 
forks  of  the  Missouri,  and  although  the  region  is  considerably 
disturbed  and  complicated  by  the  flexing  and  faulting  of  the 
strata,  he  has  accomplished  much  in  the  way  of  ascertaining 
their  true  relations  and  providing  material  for  the  geological 
mapping  of  a  large  section  of  thp  country. 

In  addition  to  this  work  Dr.  Peale  has  been  engaged  in  the 
office  in  the  collocation  of  statistics  relating  to  the  mineral 
waters  of  the  United  States,  which  will  be  published  in  a  vol¬ 
ume  of  Mineral  Resources. 

PROGRESS  IN  PALEONTOLOGIC  WORK. 

The  amount  of  work  accomplished  in  the  collection  and 
study  of  fossils  during  the  year  has  been  large.  Although  no 
new  discoveries  of  exceptional  importance  have  been  made, 
the  lar^e  amount  of  useful  information  collected  in  this  field 
and  the  thoroughly  effective  manner  in  which  it  has  been 
handled  and  systematized  have  made  the  total  result  highly 
gratifying. 
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TENDENCY  TO  SPECIALIZE. 

In  no  field  of  science  is  the  tendency  to  subdivide  itself  into 
highly  specialized  branches  more  strongly  marked  than  in  pa¬ 
leontology.  It  arises  from  the  vast  and  ever-increasing  number 
of  new  species  which  are  added  yearly  to  those  already  known, 
until  it  transcends  the  capacity  of  the  human  mind  to  become 
familiar  with  more  than  a  very  limited  group.  To  extend  the 
group  and  control  the  investigator  as  much  as  possible,  it  is 
necessary  to  devise  methods  by  which  he  may  be  able  with 
the  least  possible  expenditure  of  time  and  labor  to  avail  him¬ 
self  of  the  discoveries,  figures,  and  dimensions  which  have 
been  recorded  by  previous  investigators. 

It  is  obviously  impossible  for  the  paleontologist  to  become 
familiar  by  personal  examination  of  the  fossils  with  the  myriads 
of  species  within  his  chosen  subdivision  of  the  branch,  far  less 
could  he  study  and  retain  the  distinctive  characters  of  each. 
The  most  he  can  do  is  to  become  acquainted  with  the  leading 
types  and  their  broader  characters,  and  he  must  have  recourse, 
as  occasion  arises,  to  the  literature  of  the  subject  for  further 
details.  For  this  purpose  various  devices  are  necessary,  such 
as  bibliographies,  card-catalogues,  species-indexes.  Thus  a 
large  portion  of  the  work  of  the  paleontologist  must  be  de¬ 
voted  to  the  elaboration  of  a  system  which  will  enable  him  to 
obtain  and  keep  command  of  his  subject. 

METHODS  OF  COLLECTION  AND  CLASSIFICATION. 

Another  important  portion  of  his  work  is  the  maintenance, 
enlargement,  and  thorough  classification  of  the  collections  of 
fossils  which  have  been  gathered  by  many  students  during 
many  years  and  brought  together  in  the  National  Museum. 
These  fossils  are  not,  as  might  be  supposed,  for  the  wonder 
and  entertainment  of  the  curiosity-seeking  visitor,  but  are 
chiefly  for  the  use  of  the  paleontologist,  who  resorts  to  them 
for  purposes  of  comparison  and  for  establishing  the  specific 
identity  or  nearest  relationship  of  the  fossils  which  from  day 
to  day  reach  his  hands.  To  facilitate  his  command  of  the 
resources  of  these  collections  he  is,  whenever  practicable,  made 
an  honorary  curator  of  the  Museum  in  the  department  of  that 
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institution  embracing-  his  special  field.  For  this  work  he 
receives  no  additional  compensation.  He  is  also  called  upon 
every  year  to  perform  more  or  less  field  work.  Since  the 
ages  and  relations  of  strata  in  the  stratigraphic  system  are 
assigned  chiefly  upon  the  testimony  of  the  fossils  which  they 
contain,  and  since  many  formations  are  undetermined  in  these 
respects  through  imperfect  knowledge  of  their  fossil  contents, 
it  frequently  becomes  necessary  for  the  paleontologist  to  visit 
doubtful  or  little-known  localities,  to  gather  with  his  own  hands 
the  required  evidence,  and,  after  careful  examination  of  typical 
localities,  decide,  if  possible,  the  disputed  or  unsettled  ques¬ 
tions.  And,  finally,  the  fossils  collected  throughout  the  coun¬ 
try  by  the  geologists  are  referred  to  him  for  determination. 

VERTEBRATE  PALEONTOLOGY. 

In  the  past  year,  in  the  branch  of  vertebrate  paleontology, 
Prof.  O.  C.  Marsh  has  made  further  collections  in  the  Miocene 
formations  of  Dakota  and  in  the  Jurassic  deposits  of  Wyo¬ 
ming  and  southern  Colorado.  One  of  the  most  important  of 
his  discoveries  has  been  the  finding  of  a  considerable  number 
of  vertebrate  fossils  in  the  outcrops  of  the  Potomac  formations 
between  Baltimore  and  Washington.  These  fossils  serve  to 
settle  the  long-contested  problem  as  to  the  age  of  this  forma¬ 
tion,  and  to  place  it  in  the  Upper  Jurassic.  Professor  Marsh 
has  also  made  progress  upon  his  monographs  of  several  orders 
of  the  fossil  vertebrates,  which  constitute  a  series  of  high 
importance  to  general  geology  and  paleontology. 

The  subject  of  invertebrate  paleontology  has  been  subdi¬ 
vided  into  three  divisions,  embracing  respectively  fossils  of 
Paleozoic,  Mesozoic,  and  Oenozoic  ages.  In  the  Paleozoic 
division  Mr.  C.  D.  Walcott  has  devoted  most  of  his  field  work 
to  the  investigation  of  the  Cambrian  and  Lower  Silurian  strata 
of  the  Hudson  River  Valley  and  of  Vermont  and  western  Mas¬ 
sachusetts.  He  has  had  great  success  in  discovering  fossils 
which  have  been  the  means  of  clearing  up  much  of  the  doubt  and 
uncertainty  regarding  the  ages  and  relations  of  the  strata  in 
those  localities.  His  work  has  also  had  special  reference  to 
the  long-disputed  questions  as  to  the  true  position,  extent,  and 
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significance  of  the  Taconic  system  of  Dr,  Emmons  in  the  local¬ 
ities  where  that  eminent  geologist  originally  studied  it  and  in 
the  Green  Mountains  to  the  northward.  Mr.  Walcott  has 
done  much  towards  the  final  solution  and  settlement  of  those 
difficult  problems. 

INVERTEBRATE  PALEONTOLOGY. 

Dr.  C.  A.  White,  whose  principal  field  is  the  study  of  Meso¬ 
zoic  invertebrate  paleontology,  has  carried  forward  his  exam¬ 
inations  of  the  Lower  Cretaceous  formations  of  Texas,  whose 
age  he  succeeded  in  establishing  last  year,  and  he  has  made 
much  progress  in  further  correlating  them  with  formations  to 
the  eastward  in  the  Lower  Mississippi  Valley,  and  in  ascer¬ 
taining  their  extent  and  distribution.  He  has  pushed  his  in¬ 
quiries  upon  the  southward  extension  of  the  Laramie  group 
to  the  early  marine  Cenozoic  formations  in  Texas  with  impor¬ 
tant  results.  He  has  also  made  examinations  of  the  extent  of 
the  Cretaceous  formations  of  Mississippi  and  Alabama,  to 
obtain  some  much-desired  data  contributory  to  a  work  he  is 
preparing  on  the  subject  of  the  Cretaceous  strata  in  the  United 
States.  During  the  year  he  has  prepared  a  considerable  num¬ 
ber  of  papers  on  the  Mesozoic  fossils  of  the  country. 

CENOZOIC  INVERTEBRATE  FOSSILS. 

Dr.  W.  H.  Dali,  whose  work  is  chiefly  in  Cenozoic  inverte¬ 
brate  paleontology,  has  directed  and  conducted  a  large  amount 
of  field  work  in  northern  California,  in  Florida,  and  in  New 
Jersey — the  work  in  Florida  being  especially  noteworthy. 
Through  the  cooperation  of  Mr.  Joseph  Willcox,  the  examina¬ 
tion  in  that  State  has  shown  the  extension  of  the  Miocene  for¬ 
mations  farther  south  and  of  the  Pliocene  farther  north  than 
had  been  formerly  recognized.  In  the  northern  part  of  the 
everglades  coral  limestone  has  been  discovered  similar  to  that 
described  by  Agassiz  in  the  Florida  keys.  As  a  large  num¬ 
ber  of  private  individuals  are  engaged  in  various  parts  of  the 
country  in  the  study  of  the  Cenozoic  strata  and  fossils,  Dr. 
Dali  has  given  much  time  and  attention  to  methods  of  coopera¬ 
tion  with  such  work  and  to  the  encouragement  of  it,  furnish- 
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ing  such  information  and  assistance  as  the  Government  col¬ 
lections  afforded. 

FOSSIL  PLANTS  AND  FISHES. 

During  the  year  Mr.  Lester  F.  Ward  has  diligently  prose¬ 
cuted  the  study  of  fossil  plants.  He  has  made  extensive  col¬ 
lections  in  the  coal-bearing  strata  in  the  vicinity  of  Bozeman, 
Mont.,  and  in  the  celebrated  fossil  forests  of  the  Yellowstone, 
in  the  vicinity  of  Amethyst  Mountain,  and  within  or  near  the 
National  Park.  In  the  office  a  considerable  amount  of  work 
has  also  been  accomplished  preparatory  to  a  general  bibliog¬ 
raphy  of  fossil  plants,  and  in  completing  a  species-index, 
illustrated  by  a  large  number  of  drawings. 

During  the  fiscal  year  Dr.  J.  S.  Newberry  has  completed 
and  forwarded  to  this  office  a  monograph  upon  “The  Fossil 
Fishes  and  Plants  of  the  Triassic  Rocks  of  New  Jersey  and 
the  Connecticut  Valley.”  It  contains  figures  and  descriptions 
of  all  the  species  of  fishes  and  plants  found  up  to  the  present 
time  in  the  Triassic  areas  of  the  North  Atlantic  States,  and 
constitutes  a  most  valuable  contribution  to  our  knowledge  of 
paleontology.  He  has  also  finished  and  submitted  a  mono¬ 
graph  on  “The  Paleozoic  Fishes  of  North  America,”  a  work 
of  even  greater  importance,  which  he  was  requested  by  this 
office  to  undertake.  In  the  month  of  September,  1887,  he 
made  special  studies  of  the  Laramie  group  in  Colorado,  tribu¬ 
tary  to  a  memoir  he  is  preparing  upon  “The  Cretaceous  and 
Tertiary  Floras  of  Western  America,”  upon  which  great  prog¬ 
ress  has  been  made.  Another  memoir  which  lie  is  preparing 
for  the  Survey  upon  “The  Flora  of  the  Amboy  Clays  of  New 
Jersey”  is  also  in  an  advanced  stage  of  progress.  These 
works  of  this  distinguished  geologist  and  paleontologist  will 
all  possess  a  high  value  and  form  important  additions  to  the 
science. 

Prof.  W.  M.  Fontaine  has  made  numerous  studies  of  fossil 
plants.  He  has  obtained  and  examined  extensive  collections 
from  the  Tuscaloosa  formations  in  Alabama,  and  the  result  of 
his  inquiry  appears  to  be  that  these  beds  are  nearly,  if  not 
quite,  of  the  same  age  as  the  upper  members  of  the  Potomac 
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formation,  which  is  adverted  to  in  the  accounts  of  the  re¬ 
searches  of  Professor  Marsh  and  Mr.  McGee.  The  fossil 
plants  of  the  Potomac  formation  in  Maryland  and  Virginia 
have  been  studied  by  Professor  Fontaine  and  reported  upon. 

FOSSIL  INSECTS. 

Prof.  H.  S.  Scudder  has  been  long  engaged  in  the  study  of 
the  fossil  insects  of  North  America,  and  has  made  special 
examination  of  a  remarkable  group  of  such  fossils  obtained 
from  Florissant,  in  Colorado,  and  of  a  group  obtained  from  the 
carboniferous  coal  fields  of  Rhode  Island.  The  literature  of 
this  highly  specialized  branch  of  paleontology  being  scattered 
throughout  a  wide  range  of  periodical  publication,  Dr.  Scud¬ 
der  has  undertaken  the  compilation  of  a  reference  index  in  a 
systematic  form,  which  will  make  that  literature  readily  avail¬ 
able  for  future  research.  The  preparation  of  a  preliminary 
card-catalogue  has  occupied  a  considerable  portion  of  his  time. 

MISCELLANEOUS. 

MINING  STATISTICS  AND  TECHNOLOGY. 

It  has  been  the  custom  of  this  Survey  to  prepare  annually 
a  report'  of  the  statistics  showing  the  production  during  each 
year  of  the  metals  and  mineral  products  of  the  country.  This 
annual  report  is  received  with  high  favor  by  thousands  of  per¬ 
sons  engaged  in  production  and  trade,  to  whom  the  informa¬ 
tion  is  of  mercantile  value.  It  contemplates  the  collocation 
of  the  output  of  all  metals,  minerals,  stones,  coal,  petroleum, 
natural  gas,  and  in  general  all  inorganic  substances  taken 
directly  from  the  earth  for  industrial  and  commercial  purposes, 
tog-ether  with  an  estimate  of  their  money  values. 

.  Dr  David  T.  Day,  in  charge  of  this  division,  estimates  that 
for  the  calendar  year  1887  the  total  value  of  such  products 
was  $542,331,796,  being  larger  than  for  any  preceding  year 
in  the  United  States,  and  the  largest  total  for  one  year  ever 
reached  by  the  mineral  production  of  any  country. 

This  grand  aggregate  is  due  both  to  an  increase  in  the 
quantity  of  material  produced  and  to  -an  increase  in  the  aver- 
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age  of  prices.  With  every  year’s  experience  tliis  division  lias 
gained  facilities  for  procuring  information  concerning  the 
amount  and  value  of  these  products  and  of  their  relations  to 
the  various  industries  in  which  they  are  employed.  It  has 
won  the  confidence  of  producers  and  consumers  alike,  and 
finds  ready  cooperation  on  the  part  of  many  experts  and  well- 
informed  persons  throughout  the  country  who  are  in  positions 
where  they  can  gather  and  return  trustworthy  information. 

In  the  course  of  this  work  the  corps  of  correspondents  from 
whom  returns  of  production  were  received  was  increased  to 
about  forty  thousand.  A  tabulated  statement  of  the  results  is 
given  below.  A  separate  investigation  was  also  begun  under 
Mr.  Albert  Williams,  jr.,  which  is  intended  to  show  geographic¬ 
ally  the  position  of  all  the  known  mineral  deposits  of  com¬ 
mercial  value,  whether  at  present  mined  or  not. 

Metallic  products  of  the  United  States  in  1887. 


Quantity. 

Value. 

Pig-irou,  spot  value . 

...long  tons.. 

6,417,148 

$121,925,  800 

Silver,  coining  value . 

.troy  ounces.. 

41,269,  240 

53,441,300 

Gold,  coining  value . . . 

1, 596,  500 

33, 100,  000 

Copper,  value  at  New  York  City . 

. pounds. . 

185,227,331 

21, 115,916 

Lead,  value  at  New  York  City . 

..short  tons.. 

160, 700 

14,463,000 

Zinc,  value  at  New  York  City . 

. do _ 

50, 340 

4,782, 300 

Quicksilver,  value  at  San  Francisco _ _ _ 

. flasks . . 

33, 825 

1,429, 000 

Nickel,  value  at  Philadelphia . 

. pounds.. 

205, 556 

133, 200 

Aluminum  contained  in  alloys . 

. do _ 

18, 000 

59, 000 

Antimony,  value  at  San  Francisco . 

.  .short  tons. . 

75 

15, 500 

Platinum,  value  (crude)  at  New  York  City. 

.troy  ounces.. 

448 

1,838 

Total _ _ _ 

250, 466, 854 

Non-nietallic  mineral  products  of  the  United  States  in  1887  (spot  values). 


Quantity. 

Value. 

Bituminous  coal . 

78, 470, 857 

$98, 004, 656 

Pennsylvania  anthracite . 

Rnildino-  stone  ..  _ _ 

. do.... 

37,578,747 

84,552, 181 
25, 000, 000 
23, 375, 000 

Lime . 

46,  750,  000 

Petroleum . 

. do.... 

28, 249, 597 

18, 856, 606 
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N on-metallic  products  of  the  United  States,  etc. — Continued. 


/ 

Quantity. 

Value. 

Natural  cas _  _  .  .  _  .  .  .  _  _ 

15,  838, 500 

Cement . 

. barrels. . 

0,  002,  744 

5, 186, 877 

Salt . 

. do _ 

8,  003, 002 

4,  003,  840 

Limestone  for  iron  flux . 

5, 377,  000 

3, 220, 200 

South  Carolina  phosphate  rock . 

480, 558 

1,830,  818 

Zinc-white . . . 

18,  000 

1,440,  000 

Mineral  waters . 

8, 250, 000 

1,201,473 

Borax . . 

11,000,000 

•  550,000 

Gypsum . 

. short  tons. . 

05, 000 

425, 000 

Manganese  ore . 

. long  tons.. 

34, 524 

333, 844 

Mineral  paints . 

20, 000 

310, 000 

New  Jersey  marls . 

. short  tons. . 

600, 000 

300,  000 

Pyrites . 

. long  tons. . 

52, 500 

210, 000 

Flint . 

. do.... 

32, 000 

185, 000 

Mica . 

. pounds. . 

70, 500 

142, 250 

Corundum . 

. short  tons.. 

600 

108, 000 

Sulphur . 

. do _ 

3,000 

100, 000 

Precious  stones.: . . . . . 

88,  600 

Crude  barytes . 

. long  tons. . 

15,  000 

75, 000 

Gold  quartz,  souvenirs,  jewelry,  etc  . .. 

75  000 

Bromine . 

. pounds.. 

100, 087 

01,717 

Feldspar . 

10,  200 

56, 100 

Chrome  iron  ore . 

3,000 

40, 000 

Graphite . 

. pounds.. 

410,000 

34,000 

Fluorspar . 

. short  tons. . 

5,000 

20,  000 

Slate,  ground  as  pigment . 

. long  tons. . 

2,  000 

20, 000 

Cobalt  oxide . . 

.  pounds.. 

18, 340 

18, 774 

Novaculite . 

1,200,  000 

16,  000 

Asphaltum . 

. short  tons.. 

4,000 

16, 000 

Asbestus . . . 

. do _ 

150 

4,500 

Rutile . 

1,000 

3,  000 

Total  _ _ _ ...  _ 

285, 864, 042 

Resume  of  the  values  of  the  metallic  and  non-mctaUic  mineral  substances 
produced  in  the  United  States  in  1887. 


Metals . s .  $250, 460,  854 

Mineral  substances  named  in  the  foregoing  table .  285,804,042 

530, 331, 700 

Estimated  value  of  mineral  products  unspecified .  6,  000,  000 

Grand  total . .  . . .  542, 331,  706 
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CHEMISTRY  AND  PHYSICS. 

This  division,  under  the  charge  of  Prof.  F.  W.  Clarke,  is 
engaged  in  the  investigation  of  chemical  and  physical  prob¬ 
lems  which  are  constantly  arising  in  the  course  of  geological 
field  or  office  work.  The  chemical  laboratory  is  now  well 
equipped,  and  during  the  past  year  has  accomplished  four 
hundred  and  twenty-six  assays  and  analyses  of  rocks,  ores, 
and  minerals.  Very  many  requests  for  the  identification  of 
mineral  substances  coming  from  all  parts  of  the  country  are 
referred  to  this  division.  From  other  bureaus  of  the  Govern¬ 
ment  requests  for  analyses  are  also  received.  Numerous 
original  investigations  have  been  made  in  the  laboratory  of 
problems  in  mineralogy  and  lithology,  bearing  more  or  less 
directly  upon  the  geological  investigations  of  other  divisions 
and  of  questions  in  technical  chemistry  having  special  refer¬ 
ence  to  economic  geology. 

Prominent  among  these  is  a  research  as  yet  unfinished  on 
the  origin  and  utilization  of  the  vast  stores  of  alkali  salts  con¬ 
tained  in  certain  lakes  in  western  and  southern  Nevada  and 
eastern  California.  While  questions  of  scientific  value  have 
received  'deserved  attention  in  connection  with  this  subject, 
the  problem  has  been  treated  mainly  from  an  economic  stand¬ 
point,  with  a  view  to  facilitate  the  development  of  the  soda 
industry  of  that  region.  The  investigation  has  excited  favor¬ 
able  comment  among  those  best  qualified  to  judge  of  the  com¬ 
mercial  results  that  would  follow  a  satisfactory  solution  of  the 
problem  mentioned. 

Work  upon  the  rocks  and  deposits  of  the  Yellowstone 
National  Park  has  been  continued,  likewise  upon  the  occur¬ 
rences  of  minerals  containing  the  rarer  elements,  many  of 
which  are  from  year  to  year  more  sought  for  use  in  the  indus¬ 
trial  arts. 

In  the  course  of  laboratory  researches  it  is  sometimes  found 

J 

that  the  methods  of  analysis  in  vogue  are  faulty  or  not 
adapted  to  the  peculiar  exigencies  of  the  case  in  hand.  In 
such  cases  it  may  become  advisable  to  institute  a  collateral 
line  of  inquiry  directed  towards  the  iniDrovement  of  existing 
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methods  or  the  discovery  of  new  ones.  The  value  of  work 
of  tliis  kind  already  accomplished  is  attested  by  the  reception 
accorded  by  the  scientific  world  to  methods  which  originated  in 
this  laboratory  in  previous  years  and  which  are  now  being 
widely  adopted. 

Researches  in  the  physical  laboratory  have  resulted  in  a 
development  of  the  methods'  of  high  temperature,  air  ther¬ 
mometry,  and  electrical  pyrometry,  and  the  addition  of  a  new 
instrument  of  research,  the  transpiration  pyrometer.  Reliable 
methods  for  the  measurement  of  high  temperatures  are  among 
the  most  important  desiderata  of  the  day,  and  as  their  practical 
application  has  been  constantly  kept  in  mind,  the  work  has 
economic  importance  apart  from  its  geologic  value.  These 
investigations,  together  with  that  on  solid  viscosity,  are  pre¬ 
liminary  to  broader  inquiries  which  involve  pressure  consider¬ 
ations. 

The  investigation  of  the  co-efficient  of  thermal  expansion  of 
rocks  recently  undertaken  is  expected  to  furnish  data  very 
necessary  to  the 
portant  questions  in  dynamic  geology.  At  the  same  time,  by 
the  examination  of  various  important  building  stones  it  is  hoped 
that  information  will  be  obtained  of  considerable  economic 
value  to  engineers  and  constructors. 

ILLUSTRATIONS  DIVISION. 

The  work  of  the  illustrations  division  covers  the  preparation 
of  all  illustrations  for  the  Survey  publications  and  all  photog¬ 
raphy.  A  wide  range  of  skill  is  required  to  conduct  this  work 
with  success. 

In  the  photographic  laboratory,  which  is  in  charge  of  Mr.  J. 
K.  Hillers,  the  accurate  reproduction  of  the  maps  and  charts 
of  the  topographic  corps,  the  photographing  of  geologic  and 
paleontologic  specimens,  and  the  preparation  of  large  trans¬ 
parencies  of  varied  pictorial  subjects  call  for  skilled  manipu¬ 
lation. 

The  preparation  of  illustrations  for  the  various  publications 
of  the  Survey,  of  which  Mr.  W,  H,  Holmes  has  charge,  is  a 
work  of  considerable  magnitude.  Certain  branches  of  this 
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satisfactory  study  and  solution  of  some  im- 
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work  require  superior  skill.  The  drawing  of  paleontologic 
specimens  for  the  various  specialists  is  perhaps  the  most  ex¬ 
acting  branch,  and  but  few  draughtsmen  succeed  in  it.  Mr. 
John  L.  Ridgway  stands  at  the  front  in  this  class  of  work. 
Another  branch  worthy  of  especial  mention  is  the  preparation 
of  illustrations  of  all  classes  for  the  engraver,  the  selection  of 
methods  of  reproduction  for  these,  and  the  criticism  of  proofs. 

During  the  prolonged  absence  of  Mr.  Holmes  in  the  field 
he  work  of  this  division  was  intrusted  to  Mr.  De  Lancey  W- 
Gill,  who  acquitted  himself  with  credit. 

DIVISION  OF  LIBRARY  AND  DOCUMENTS. 

The  work  in  this  division  has  progressed  in  a  satisfactory 
manner.  More  than  six  thousand  titles  have  been  added  to  the 
library,  so  that  it  now  contains  51,563  books  and  pamphlets. 
Twelve  thousand  volumes  have  been  in  use  outside  of  the 
library  hall,  as  that  number  have  been  charged  and  returned 
during  the  year.  Twenty  thousand  titles  of  the  catalogue  of  the 
literature  of  North  American  geology  have  now  been  prepared, 
and  of  these  3,000  have  been  arranged  with  a  view  of  issuing  a 
catalogue  of  the  literature  of  official  geological  exploration  in 
North  America  as  a  section  of  the  general  work.  Twenty  thou¬ 
sand  volumes  of  the  publications  of  the  Survey  have  been  re¬ 
ceived  from  the  Public  Printer,  and  48,815  volumes  have  been 
distributed.  Of  these,  3,277  were  sold.  The  amount  received 
from  these  sales  and  turned  into  the  Treasury  is  $1,692.25. 

NECROLOGY. 

FERDINAND  VANDIVEER  HAYDEN. 

Ferdinand  Vandiveer  Hayden  was  born  at  Westfield,  Mass., 
September  7,  1829.  He  was  the  son  of  Asa  Hayden  and 
Melinda  Hawley.  Both  his  maternal  and  paternal  grandfa¬ 
thers  were  soldiers  in  the  Continental  Army  during  the  Revo¬ 
lution,  and  each  lived  to  be  nearly  one  hundred  years  old. 

When  Ferdinand  was  about  ten  years  of  age  he  lost  his 
father,  and  two  years  later  he  went  to  live  with  an  uncle  who 
owned  a  farm  at  Rochester,  Ohio.  With  him  he  remained  six 
years,  working  on  the  farm  and  teaching  school  during  his 
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sixteenth  and  seventeenth  years.  When  he  was  about  eighteen 
he  refused  his  uncle’s  offer  of  adoption  as  a  son,  saying  that 
he  was  going  either  to  learn  a  trade,  and  become  a  master  in 
it,  or  to  study  a  profession.  Without  a  cent  in  his  pocket  he 
walked  to  Oberlin,  and  stated  his  condition  and  desires  to 
President  Finney,  of  Oberlin  College,  who  became  interested 
in  him  and  encouraged  him  to  begin  his  college  course. 

He  was  the  youngest  member  of  his  class,  which  he  joined 
after  one  or  two  terms  of  classical  study  had  been  completed. 
He  not  only  overtook  it  but  maintained  a  fair  standing  in  it, 
and  he  studied  French  besides.  Like  many  of  the  students  at 
Oberlin  at  that  time,  he  had  to  meet  his  expenses  solely  by 
his  own  labors,  farming  and  teaching.  He  was  not  given  to 
sport,  but  when  not  at  work  was  occupied  with  books.  He 
was  particularly  fond  of  poetry,  and  was  well  read  in  general 
literature.  He  is  remembered  by  his  classmates  as  a  very 
industrious  young  man,  diffident  in  demeanor,  but  enthusiastic 
in  whatever  he  undertook,  imbued  with  the  determination  to 
make  use  of  all  the  means  in  his  power  to  make  something  of 
himself.  His  class  historian  at  a  reunion  some  twenty  years 
after  graduation  wrote  of  him  as  follows: 

“Ferdinand  Hayden  was  the  boy  of  the  class.  He  was 
the  youngest,  and  was  peculiarly  boyish  in  feelings  and  man¬ 
ners;  susceptible,  open  to  all  impressions,  frank,  unconcealing; 
with  all  the  trials  of  poverty  and  hard  study,  and  a  misunder¬ 
stood  .nature,  he  yet  pushed  on,  showing  an  amount  of  will 
and  persistency  that  now  looks  remarkable  in  the  distance. 
He  was  a  good  student,  not  always  thoroughly  prepared,  yet 
knowing  more  always  than  he  could  tell.  He  was  enthusi¬ 
astic,  easily  carried  away,  and  early  showed  the  bent  of  his 
nature  in  the  direction  of  the  natural  sciences.  Ferdinand  was 
little  understood;  to  most  of  his  teachers  and  classmates  he 
was  an  enigma.  They  prophesied  no  success  for  him;  they 
deemed  him  an  enthusiastic  dreamer,  who  would  never  con¬ 
quer  in  practical  life.” 

He  graduated  in  1850,  the  subject  of  his  address  being  “The 
benefits  of  a  refined  taste.”  At  that  time  the  medical  profes¬ 
sion  was  the  common  road  to  geology  and  natural  history,  and 
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the  fact  that  he  soon  began  to  study  medicine  is  an  indication 
of  the  drift  of  his  mind.  He  graduated  Doctor  of  Medicine  at 
the  Medical  College  at  Albany,  N.  Y.,  in  the  early  part  of 
1853.  While  thus  engaged  he  first  met  the  veteran  geologist 
and  paleontologist,  Prof.  James  Hall. 

The  collections  of  Dr.  John  Evans  in  the  Mauvais  Terres  of 
White  River,  made  in  1819,  had  been  described  in  the  final 
report  of  Dr.  D.  D.  Owen  in  1852  and  had  attracted  attention, 
and  Dr.  Hayden  was  employed  by  Professor  Hall,  in  the 
spring  of  the  year  of  his  graduation,  to  visit  the  Bad  Lands  and 
make  a  collection  of  the  Cretaceous  and  Tertiary  fossils  of  that 
region,  so  that  he  did  not  undertake  the  regular  practice  of 
medicine. 

His  explorations  of  the  West,  thus  begun,  continued  with 
little  interruption  for  more  than  thirty  years.  This  first  expe¬ 
dition  resulted  in  much  interesting  and  important  knowledge 
relating  to  the  geological  structure  of  the  Missouri  Region 
from  Fort  Pierre  to  Council  Bluffs,  and  large  collections  were 
made.  The  mammalian  fossils  were  studied  by  Prof.  Joseph 
Leidy,  and  the  new  species  of  cretaceous  invertebrates  were 
described  by  Professor  Hall  and  Prof.  F.  B.  Meek,  in  a  paper 
which  contained  also  a  brief  vertical  section  of  the  beds  from 
which  the  fossils  were  obtained,  this  being  probably  the  first 
of  Di\  Hayden’s  scientific  writings,  although  it  was  not  pub¬ 
lished  under  his  name. 

In  the  spring  of  1854  Dr.  Hayden  returned  to  the  Upper 
Missouri  region,  and  spent  two  years  in  exploring  it,  mainly  at 
his  own  expense.  During  these  two  years,  mainly  on  foot,  he 
followed  the  Missouri  River  from  Fort  Pierre  to  Fort  Benton 
and  the  Yellowstone  to  the  mouth  of  the  Big  Horn,  and  ex¬ 
plored  also  considerable  portions  of  the  Bad  Lands.  The  col¬ 
lections  of  fossils  resulting  from  these  explorations  embraced 
a  larger  number  of  species  than  all  those  previously  known 
from  that  locality,  and  many  of  them  were  of  new  and  re¬ 
markable  genera.  These  collections  and  researches  mark  an 
epoch  in  the  geologic  investigation  of  the  Great  West. 

Dr.  Hayden  returned  to  St.  Louis  early  in  1856,  and  in 
February  received  a  proposition  from  Lieut.  G.  K.  Warren,  of 
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the  U.  S.  Topographical  Engineers,  to  make  a  report  upon  the 
Sioux  Country,  its  topography,  facilities  for  campaigning,  etc. 
This  proposition  was  accepted,  so  that  the  results  of  his  labors 
during  the  three  preceding  years  were  utilized  by  the  Govern¬ 
ment.  In  May  he  was  appointed  by  Lieutenant  Warren  one 
of  his  assistants  on  an  expedition  to  obtain  information  of  the 
Missouri  River.  This  expedition  began  its  field-work  on  June 
28,  and  the  party  returned  to  Washington  in  November. 

In  May,  1857,  Lieutenant  Warren  was  intrusted  with  the 
command  of  an  expedition  to  the  Black  Hills  of  Nebraska,  and 
he  appointed  Dr.  Hayden  geologist  to  the  expedition.  The 
party  assembled  at  the  rendezvous  at  the  mouth  of  the  Loup 
Fork  in  the  latter  part  of  June,  and  early  in  July  the  explora¬ 
tions  were  begun.  This  expedition  returned  to  Fort  Leaven¬ 
worth  December  4,  whence  Dr.  Hayden  proceeded  to  Wash¬ 
ington. 

During  the  summer  of  1858,  with  Professor  Meek,  he  made 
an  exploring  tour  into  what  was  then  the  Territory  of  Kansas. 
This  was  unusually  successful,  and  the  geological  results  were 
published  in  the  Proceedings  of  the  Academy  of  Natural  Sci¬ 
ences  at  Philadelphia  in  January,  1859. 

Dr.  Hayden  continued  with  Lieutenant  Warren  until  1859, 
and  on  April  22  was  appointed  naturalist  and  surgeon  to  the 
expedition  for  the  exploration  of  the  Yellowstone  River.  The 
expedition  started  in  June,  and  reached  the  Yellowstone  River, 
near  the  mouth  of  the  Big  Horn,  about  the  middle  of  August. 
From  this  point  it  turned  southward,  and  skirting  the  east  side 
of  the  Big  Horn  Mountains  went  into  winter  quarters  on  Deep 
Creek,  near  the  North  Platte.  In  May,  1860,  explorations 
were  resumed,  the  expedition  reaching  Fort  Benton  about  the 
middle  of  July,  from  which  point  the  party  proceeded  via  Fort 
Union,  on  the  Missouri  River,  to  Omaha,  where  the  field  party 
disbanded,  October  4;  and  from  this  place  Dr.  Hayden  pro¬ 
ceeded  to  Washington.  The  breaking  out  of  the  civil  war 
interfered  with  the  publication  of  the  geological  results  of  the 
expedition,  and  it  was  not  until  1869  that  the  “Geological 
Report  of  the  Exploration  of  the  Yellowstone  and  Missouri 
Rivers”  issued  from  the  Government  Printing  Office  at  Wash- 
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ington.  While  the  expedition  was  in  winter  quarters  during 
the  winter  of  1859-60  Dr.  Hayden  occupied  a  part  of  the 
time  in  making  notes  upon  the  languages  and  customs  of  the 
Indian  tribes  with  which  he  had  come  in  contact.  These  notes 
were  embodied  in  various  publications. 

In  October,  1862,  Dr.  Hayden  was  appointed  acting  assist¬ 
ant  surgeon  of  volunteers,  and  served  until  his  resignation  in 
June,  1865.  Later  in  the  same  year  he  was  brevetted  lieu¬ 
tenant-colonel  for  meritorious  services  during  the  war.  Dr. 
Hayden’s  services  through  that  period  were  given  largely  to 
the  superintendence  of  hospitals. 

In  the  fall  of  1865  he  was  elected  professor  of  geology 
and  mineralogy  in  the  University  of  Pennsylvania,  a  position 
held  until  1872,  when  the  increased  labors  in  the  management 
of  the  Geological  Survey  of  the  Territories  induced  him  to 
resign  it.  In  the  summer  of  1866  he  undertook  another  expe 
dition  to  the  Bad  Lands  of  Dakota.  The  trip  occupied  fifty- 
two  days,  during  which  a  circuit  of  650  miles  was  made,  and 
resulted  in  large  and  valuable  collections  of  vertebrate  fossils. 

From  1867  to  1879  the  history  of  Dr.  Hayden  is  coincident 
with  that  of  the  organization  which,  beginning  as  the  Geolog¬ 
ical  Survey  of  Nebraska,  became  the  Geological  Survey  of  the 
Territories,  and  was  finally  known  as  the  Geological  and  Geo¬ 
graphical  Survey  of  the  Territories.  In  1867  Congress  set 
aside  the  unexpended  balance  of  the  appropriation  for  legis¬ 
lative  expenses  of  the  Territory  of  Nebraska,  amounting  to 
$5,000,  for  a  geological  survey  of  the  new  State.  Dr.  Hayden 
was  designated  to  make  this  survey,  and  thus  began  the  work 
to  the  success  of  which  he  devoted  all  his  energies  during 
twelve  years.  In  April,  1869,  he  was  appointed  United  States 
geologist,  and  thenceforward  the  work  was  conducted  under 
the  direction  of  the  Secretary  of  the  Interior. 

One  of  the  results  of  the  expedition  of  1871,  and  the  one  in 
which  he  took  the  greatest  interest  and  pride,  was  the  setting 
aside  by  Congress  of  the  Yellowstone  National  Park.  The 
idea  of  reserving  this  region  as  a  park  or  pleasure  ground  for 
the  people  originated  with  Dr.  Hayden,  and  the  law  setting  it 
apart  was  written  in  great  part  by  himself,  and  it  was  due  to 
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bis  personal  efforts  that  it  was  passed.  From  1873  to  1876, 
inclusive,  Colorado  was  the  field  of  his  operations,  and  his  work 
had  its  consummation  in  the  Atlas  of  Colorado,  which  largely 
increased  our  knowledge  of  the  topographical  and  geological 
features  of  one  of  the  most  interesting  portions  of  the  West. 
In  1879  Dr.  Hayden  received  an  appointment  as  geologist  from 
the  U.  S.  Geological  Survey. 

For  four  years  he  was  occupied  in  completing  the  publica¬ 
tions  of  the  Geological  and  Geographical  Survey  of  the  Terri¬ 
tories.  In  1883  he  undertook  field-work  with  the  hope  that 
his  health  might  be  benefited,  and  the  three  following  field 
seasons  he  spent  in  Montana.  He  gradually  became  worse, 
and  by  the  latter  part  of  1886  he  was  mostly  confined  to  his 
bed.  On  December  31,  1886,  he  resigned  his  position  as 
geologist,  closing  an  honorable  connection  with  the  Govern¬ 
ment  that  included  twenty-eight  years  of  actual  service  as 
naturalist,  surgeon,  and  geologist. 

He  died  in  Philadelphia  December  22,  1887,  leaving  a 
widow  but  no  children. 

In  1876  the  degree  of  LL.D.  was  conferred  upon  him  by  the 
University  of  Rochester,  and  in  June,  1886,  the  same  degree 
was  awarded  to  him  by  the  University  of  Pennsylvania, 

He  was  a  member  of  many  of  the  American  scientific  socie¬ 
ties,  and  he  was  also  honorary  and  corresponding  member  of 
seventy  foreign  societies. 

Dr.  Hayden  was  one  of  the  pioneers  in  the  geological  in¬ 
vestigations  of  the  West,  and  his  labors  extended  over  a  vast 
territory  which  had  hitherto  been  a  terra  incognita.  He  opened 
the  region  to  detailed  exploration,  examining  it  topographic¬ 
ally,  geologically,  and  botanically  with  a  view  to  the  devel¬ 
opment  of  its  natural  history  and  its  mining  and  agricultural 
resources.  He  popularized  geology,  and  to  the  general  interest 
excited  by  his  enthusiastic  labors  is  due  in  a  large  degree  the 
existence  and  continuance  of  the  present  Geological  Survey. 

Although  one  of  the  main  objects  of  the  earlier  expeditions 
with  which  Dr.  Hayden  was  connected  was  the  collection  ot 
fossils,  still  American  geological  science  owes  much  to  him, 
and  he  had  reason  to  be  gratified  with  the  results  of  his  scien- 
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tific  labors.  The  first  complete  section  of  the  Cretaceous  and 
Tertiary  formations  of  the  West  was  made  by  Hayden  and 
Meek,  and  the  names  the  former  applied  to  them  have  long- 
been  widely  known. 

Dr.  Hayden  was  the  first  to  demonstrate  the  fact  that  the 
Rocky  Mountain  region  and  the  country  adjacent  were  cov¬ 
ered  during  the  Tertiary  period  with  lakes,  the  waters  of  which 
as  the  period  progressed  gradually  changed  from  brackish  to 
fresh,  until  late  in  the  Tertiary  there  were  numerous  fresh¬ 
water  lakes  scattered  all  over  the  West  from  the  Mississippi 
Valley  to  the  Pacific  coast. 

He  also  demonstrated  the  fact  that  a  large  portion  of  the 
sediment  found  in  those  lakes  was  due  to  showers  of  volcanic 
ashes  thrown  into  their  waters  and  deposited  in  the  stratified 
condition  which  they  now  present.  He  also  drew  the  conclu¬ 
sion  that  the  elevation  of  the  Rocky  Mountains  began  in 
Laramie  time  and  continued  throughout  the  Tertiary  period, 
and  suggested  that  even  at.  the  present  time  it  is  going  on; 
and  to  this  gradual  and  long-continued  rise  he  attributed  the 
formation  of  chasms  and  cations. 

As  to  Dr.  Hayden’s  personal  character,  those  who  were 
closely  associated  with  him  knew  best  how  sincere,  unpreten¬ 
tious,  and  enthusiastic  was  his  desire  to  forward  the  cause  of 
science.  The  diffidence,  approaching  even  to  timidity,  which 
impressed  his  fellow  students  at  Oberlin  characterized  him 
throughout  his  life,  and  made  it  sometimes  difficult  to  under¬ 
stand  the  reasons  for  his  success.  It  was  undoubtedly  due  to 
his  energy  and  perseverance,  qualities  equally  characteristic 
of  him  as  a  youth  and  in  mature  life.  For  energy  in  work  lie 
probably  had  no  superior,  and  this,  with  his  enthusiastic  frank¬ 
ness,  was  the  secret  of  his  success.  Although  ever  eager  to 
defend  what  he  believed  to  be  right,  he  was  always  ready  to 
modify  his  views  upon  the  presentation  of  evidence.  Intensely 
nervous  and  excitable  and  frequently  impulsive  in  action,  he 
was  generous  to  a  fault.  His  subordinates  and  coworkers  all 
recognized  that  each  one  stood  upon  his  own  merits,  and  that 
each  would  be  treated  with  friendly  justice,  and  that  due  credit 
would  be  awarded  successful  effort.  The  same  spirit  actuated 
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him  in  respect  to  those  not  immediately  connected  with  him. 
His  views  arg  expressed  as  follows  in  one  of  his  earliest  reports, 
when  speaking  of  those  who  had  preceded  him:  “Any  man 
who  regards  the  permanency  or  endurance  of  his  own  reputa¬ 
tion  will  not  ignore  any  of  these  frontiermen  who  made  their 
early  explorations  under  circumstances  of  great  danger  and 
hardship.”  His  work  for  the  Government  and  for  science  was 

A. 

a  labor  of  love. 

ROLAND  DUER  IRVING. 

The  boyhood  and  youth  of  Roland  Duer  Irving  were  not 
marked  by  any  event  out  of  the  ordinary  course,  yet  to  those 
who  knew  him  from  his  earliest  days  it  is  of  interest  to  look 
back  to  see  how  by  degrees  a  nature  always  modest,  simple, 
and  deferential  to  the  feelings  and  wishes  of  others  became 
also  firm  and  self-reliant. 

He  was  born  in  the  city  of  New  York,  on  the  29th  of  April, 
1847,  and  had  but  little  passed  his  forty-first  birthday  when 
his  promising  career  was  cut  short  by  death.  His  father  was 
the  Rev.  Pierre  P.  Irving,  a  nephew  of  Washington  Irving  and 
a  clergyman  of  the  Episcopal  Church.  He  was  remarkable 
for  simple,  earnest  piety,  and  himself  possessed  more  than 
usual  literary  taste  and  ability.  His  mother  was  a  daughter 
of  the  Hon.  John  Duer,  afterwards  chief  justice  of  the  supreme 
court  of  New  York,  and  eminent  as  a  lawyer,  orator,  and  jurist. 
On  both  sides,  therefore,  Roland  Irving  may  be  said  to  have 
inherited  a  taste  for  literature  and  a  faculty  of  expression,  while 
from  his  grandfather  seems  to  have  come  also  the  power  of 
analysis,  of  reasoning,  and  of  judgment,  which  is  as  important 
to  the  man  of  science  as  to  the  lawyer. 

In  1849  his  father  removed  to  New  Brighton,  Staten  Island, 
and  there  young  Roland’s  youth  was  passed.  Although  to 
appearance  robust  and  large  for  his  age,  he  never  had  a  strong 
constitution,  but  was  subject  to  frequent  and  alarming  attacks 
of  illness,  also  to  a  weakness  of  sight,  which  proved  his  greatest 
obstacle  through  life.  For  these  and  other  reasons  his  early 
education  was  at  home,  his  sisters  and  his  father  being  his 
instructors,  and  it  was  not  until  his  twelfth  year  that  he  was 
sent  to  a  classical  school. 
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His  teacher  was  in  the  habit  of  taking  long  rambles  on 
holidays  and  Saturday  afternoons  with  his  favorite  pupils,  and 
on  these  occasions  Roland  was  interested  in  collecting  speci¬ 
mens  of  the  rocks  and  minerals,  especially  the  ores  and 
asbestus,  of  which  he  found  several  deposits  on  the  island. 
These  he  brought  home  and  arranged  according  to  their 
classes,  giving  to  each  its  proper  designation,  and  the  time, 
place,  and  circumstances  of  its  finding.  He  thus,  even  while 
a  lad,  became  somewhat  familiar  with  the  geologic  character¬ 
istics  of  Staten  Island. 

Although  it  seemed  from  this  that  he  had  a  strong-  natural 
bent  toward  geological  study,  it  was  thought  that  he  should 
have  the  advantage  of  a  full  collegiate  course;  and  in  the 
autumn  of  1863  he  entered  the  freshman  class  at  Columbia 
College.  But  he  was  obliged  to  give  up  study  altogether  in 
his  sophomore  year,  and  he  took  a  trip  to  England.  He 
remained  there  six  months,  and  on  his  return,  in  1866,  im¬ 
proved  in  health,  he  at  once  began  to  prepare  for  a  course  in 
the  school  of  mines  of  Columbia  College.  The  optical  malady 
was  still  a  serious  obstacle,  and  to  spare  his  sight,  his  text-book, 
for  the  greater  part  of  his  course,  was  read  to  him  by  his  sis¬ 
ters  and  the  diagrams  described.  This  method  of  study  was 
slow  and  tedious,  but  it  probably  served  to  strengthen  a  mem¬ 
ory  which  was  naturally  retentive. 

For  two  summers  he  found  employment  and  practical  expe¬ 
rience  at  the  coal  mines  of  Wiconisco,  Pennsylvania,  and  soon 
after  his  graduation  he  was  made  superintendent  of  smelt¬ 
ing  works  at  Greenville,  N.  J.  While  thus  employed  in  the 
summer  of  1870,  President  Chadbourne,  of  the  University  of 
Wisconsin,  at  the  recommendation  of  Professors  Newberry 
and  Eggleston,  entered  into  communication  with  him,  which 
resulted  in  an  invitation  to  the  chair  of  geology  and  mineral¬ 
ogy  in  that  university. 

In  1872  he  was  married  to  Abby  S.  McCulloh,  a  daughter  of 
John  S.  McCulloh,  of  Glencoe,  Md.,  who  survives  him  with 
three  children,  two  boys  and  one  girl. 

Professor  Irving  published  more  than  forty  scientific  treatises, 
long  and  short,  aggregating  several  large  volumes. 
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Professor  Irving-  had  had  abundant  preparation  as  a  techni¬ 
cal  expert  when  he  turned  aside  from  mining-  engineering  and 
entered  upon  original  research.  Of  his  work  as  a  member  of 
the  University  of  Wisconsin  President  Chamberlin  says: 

“His  thoroughness,  his  mastery  of  the  subjects  he  taught, 
his  facile  grasp  of  difficult  problems,  his  graphic  and  humorous 
exposition,  his  clearness  of  presentation,  his  perfect  candor  and 
sincerity,  his  earnestness,  devotion,  and  indefatigable  industry 
combined  to  make  him  an  effective  instructor  and  a  worthy 
leader  not  only  in  the  mere  intellectual  work  of  his  professor¬ 
ship,  but  in  those  moral  and  manly  influences  which  belong  to 
the  true  teacher. 

“Immediately  upon  coming  to  Wisconsin  he  began  to  search 
for  problems  within  the  reach  of  his  individual  and  unaided 
efforts,  and  first  fell  upon  the  relationship  of  the  Baraboo 
quartzites  to  the  adjacent  strata.  Though  but  an  amateur  in 
original  work,  his  native  insight  and  sound  habits  of  inspec¬ 
tion  and  induction  led  him  directly  to  the  truth  and  to  its 
demonstration.  He  proved  beyond  question  that  the  forma¬ 
tion  of  the  quartzite  greatly  antedated  that  of  the  surrounding 
strata,  and  that  what  are  now  the  quartzite  hills  stood  as  isl¬ 
ands  in  the  adjacent  seas  throughout  the  ages  during  which  the 
adjacent  formations  were  gathering  as  sediments  about  them. 
This  was  the  firm  foundation  upon  which  his  springing  repu¬ 
tation  was  based.  It  commanded  not  only  his  own  confidence, 
but  that  of  other  young  scientists,  who  afterwards  became  his 
colleagues  in  official  investigation,  and  who,  upon  a  searching 
reexamination  of  this  little  work  of  his,  found  it  good,  and 
based  on  it  their  good  opinion  of  him. 

“Appointed  in  1873  to  a  position  upon  the  State  geological 
survey,  his  first  work  called  forth  one  of  his  marked  personal 
characteristics.  The  metalliferous  formation  to  which  he  was 
assigned  had  given  rise  to  hopes  of  inexhaustible  riches,  and 
these  had  been  fostered  by  flattering  opinions  given  by  incau¬ 
tious  and  inexpert,  though  probably  sincere,  explorers.  With 
the  single  desire  to  ascertain  the  precise  truth  he  applied  exact 
methods,  and  soon  ascertained  that  the  metalliferous  content 
presented  a  tantalizing  approach  to  the  percentage  of  richness. 
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requisite  to  give  market  value,  but  fell  so  far  short  of  it  as  to 
be  but  a  lure  to  useless  expenditure.  To  dash  down  high 
hopes,  to  disappoint  invested  interests,  to  interfere  with  specu¬ 
lative  enterprises  is,  for  a  young  man  without  an  established 
reputation,  a  seemingly  hazardous  course.  To  tell  the  truth 
was  to  put  his  position  and  the  survey  in  jeopardy.  His 
report  was  entirely  characteristic — perfectly  clear,  frank,  and 
unhesitating.  It  was  even  unnecessarily  blunt,  and  the  storm 
which  followed  might  easily  have  overthrown  one  less  firmly 
grounded  in  the  evidence  of  the  correctness  of  his  position. 
The  ultimate  outcome,  in  all  essential  features,  justified  his 
conclusions. 

“The  most  important  original  work  of  Professor  Irving  re¬ 
lates  to  the  geological  structure  of  the  Lake  Superior  Region. 
He  was  the  first  competent  geologist  to  trace  out  in  any¬ 
thing  like  its  entirety  the  great  copper-bearing  series,  which 
occupies  a  tract  of  40,000  square  miles,  embracing,  besides  a 
large  area  in  our  own  State,  portions  of  Michigan,  Minnesota, 
and  Canada. 

“A  second  great  work  was  the  tracing  out  more  fully  and 
the  bringing  into  more  close  and  consistent  correlation  the 
iron-bearing  formations  of  Wisconsin,  Michigan,  and  Minne¬ 
sota,  and  their  coordination  with  the  Canadian  formations  on 
the  north  shore  of  Lake  Huron,  whence  the  term  Huronian, 
applied  to  these  formations,  has  been  derived. 

“Professor  Irving  was  one  of  the  first  to  discover  that  grains 
of  sandstone,  formed  by  the  rounding  of  fragments  of  quartz, 
build  themselves  up  again  into  crystals  by  the  addition  of 
material  to  their  exteriors,  and,  what  is  especially  significant, 
that  this  added  material  arranges  itself  in  crystalline  form  in 
perfect  molecular  harmony  with  the  nucleus  about  which  it 
is  gathered. 

“Perhaps  the  most  important  single  determination  by  Pro¬ 
fessor  Irving,  and  one  of  the  latest,  was  the  demonstration  of 
the  origin  of  the  iron  ores  of  the  Lake  Superior  region.  By 
a  series  of  admirable  investigations  he  has  traced  step  by  step 
the  transformation  of  the  ores  from  the  original  earthy  carbon¬ 
ates  of  iron  to  their  present  form.  He  has  made  it  altogether 
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clear  that  originally  they  were  deposited  as  sediments  in  a 
manner  almost  precisely  identical  with  that  of  the  iron  ores  of 
the  coal  fields  of  Pennsylvania.  This  has  given  great  signifi¬ 
cance  to  the  association  of  these  ores  with  carbonaceous  shales, 
and  has  led  to  the  recognition,  on  the  part  of  those  who  are 
alive  to  these  important  determinations,  of  the  fact  that  as  far 
back  in  the  history  of  the  world  as  the  times  which  were  for¬ 
merly  known  as  Azoic  there  existed  carbon-depositing  agencies 
competent  to  produce  all  the  essential  phenomena  of  the  coal 
period.  This  prolongs  in  no  insignificant  way  the  vast  back¬ 
ward  reach  of  known  geologic  time. 

“These  solid  contributions  to  knowledge  will  remain  as  Pro¬ 
fessor  Irving’s  greatest  monument.  Believing  that  in  their 
essentials  they  are  firm  truth,  we  rest  in  the  conviction  that 
they  must  ever  form  an  essential  part  of  knowledge,  and  that 
their  influence  will. not  cease  until  the  knowledge  of  these 
things  shall  cease  to  be  sought.” 

JAMES  STEVENSON. 

In  the  death  of  its  executive  officer,  Mr.  James  Stevenson, 
during  this  year,  the  Survey  lias  suffered  a  great  loss.  He  was 
a  man  to  whom  this  Survey  owed  much,  to  whom  the  old  sur¬ 
veys  of  the  Territories  owed  more.  Mr.  Stevenson  was  born 
in  Maysville,  Ivy.,  on  the  24tli  of  December,  1840.  When  but 
a  boy  of  sixteen  he  became  associated  with  Professor  Hayden, 
and  accompanied  him  upon  the  expeditions  of  Warren  and  of 
Raynolds  into  the  region  of  the  Upper  Missouri  and  Yellow¬ 
stone  Rivers.  His  tastes  led  him  rather  to  the  observation  of 
the  customs  and  dialects  of  the  Indians  than  to  geology,  and 
the  facilities  for  such  study  granted  him  by  the  winters  spent 
among  the  Blackfoot  and  Sioux  Indians  laid  a  sure  foundation 
for  that  ethnologic  bent  to  which  he  gave  the  greater  part  of 
his  life,  and  confirmed  him  in  it.  An  interruption  came  with 
civil  war,  during  the  whole  of  which  Mr.  Stevenson  served, 
first  as  a  private  and  afterwards  as  a  subaltern  of  the  Thir¬ 
teenth  New  York  Regiment.  Resuming  interrupted  studies  in 
18G6,  he  accompanied  Professor  Hayden  to  the  Bad  Lands  of 


REPORT  OF  THE  DIRECTOR. 


43 


Dakota,  and  from  this  expedition  brought  back  that  added 
enthusiasm  which  interested  General  John  A.  Logan  in  the 
subject  of  the  exploration  and  development  of  our  Territories, 
and  inspired  him  with  the  idea  of  a  survey  which  should  do 
this  as  an  arm  of  the  General  Government.  In  the  Congress 
of  1866-67  he  proposed,  in  an  amendment  to  the  sundry  civil 
bill,  the  appropriation  of  $5,000  for  such  a  survey,  under 
the  direction  of  Professor  Hayden,  and,  through  the  warm 
debate  the  matter  aroused,  pushed  the  amendment  to  its  adop¬ 
tion. 

From  that  beginning  sprang  the  Hayden  Survey,  and  during 
its  existence  Mr.  Stevenson  was  its  executive  officer.  That  it 
lived  to  achieve  such  important  results  is  due  to  his  careful 
management.  Its  history  from  1868  to  1878  is  his  history. 
With  it  he  explored  Nebraska,  Colorado,  and  New  Mexico; 
'Montana,  Idaho,  Wyoming,  and  Utah.  With  it  he  made  the 
first  governmental  survey  of  Yellowstone  Park,  which  became  a 
national  reservation  largely  through  his  influence.  He  traced 
to  their  sources  the  Columbia  and  Snake  Rivers.  He  climbed 
the  Great  Teton,  and  is  the  first  white  man  known  to  have 
reached  the  ancient  Indian  altar  on  its  summit.  He  discovered 
a  new  pass  across  the  Rocky  Mountains.  Against  his  protest 
the  largest  island  in  the  wonderful  Yellowstone  Lake  bears  his 
name,  and  the  loftiest  peak  that  overlooks  it  is  called  “Mount 
Stevenson.” 

In  1879  the  Hayden  Survey  was  ended,  the  Bureau  of 
Ethnology  of  the  Smithsonian  Institution  was  organized,  and 
the  U.  S.  Geological  Survey  was  established.  Mr.  Stevenson, 
by  virtue  of  his  eminent  fitness,  became  the  executive  officer 
of  the  new  Survey,  and  was  detailed  for  research  in  connection 
with  the  Bureau  of  Ethnology.  In  the  years  since  then  he 
has  devoted  the  winters  — from  the  incoming  of  the  field  parties 
*  to  their  outgoing  in  the  spring — with  rare  tact  to  the  emergen¬ 
cies  and  business  of  the  survey;  his  summers  to  his  favorite 
researches.  He  explored  the  cliff  and  cave  dwellings  of  Ari¬ 
zona  and  New  Mexico;  he  unearthed  in  the  Canon  de  Chelly 
two  perfect  skeletons  of  its  prehistoric  inhabitants;  he  investi¬ 
gated  the  religious  mythology  of  the  Zunis,  and  secured  a 
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complete  collection  of  fetich-gods,  never  before  allowed  out  of 
their  possession;  he  studied  the  history  and  religions  of  the 
Navajos  and  the  Moquis,  and  made  an  invaluable  collection  of 
pottery,  costumes,  and  ceremonial  objects.  In  the  high  mesas 
in  which  his  explorations  lay  in  1885  he  was  attacked  by  the 
“mountain  fever”  in  its  worst  form.  It  was  his  first  serious 
illn  ess,  and  his  regular  and  temperate  life  saved  him  for  the 
time.  But  a  visit  to  the  same  region  during  the  last  year 
brought  on  a  second  attack  of  this  peculiar  and  distressing 
disease,  from  which  he  did  not  rally  so  easily.  He  came  home 
thoroughly  prostrated,  with  signs  of  serious  heart  failure. 
From  December,  1887,  to  July,  1888,  the  struggle  for  life 
continued  with  the  best  assistance  under  different  climates,  but 
the  fight  was  plainly  a  failing  one.  With  Mrs.  Stevenson,  lie 
was  returning  from  Gloucester,  Mass.,  to  Washington,  that  he 
might  rest  amid  familiar  faces  when  the  end  came  with  little 
warning.  He  died  at  the  Gilsey  House,  in  New  York  City, 
on  the  25th  of  July.  He  is  buried  in  the  cemetery  of  Rock 
Creek  Church  near  Washington. 

Mr.  Stevenson  left  few  manuscripts  behind  him;  but  of  these 
some  are  of  great  interest.  He  was  too  busy  to  write  much. 
He  was  emphatically  a  man  of  deeds,  not  of  words.  On  the 
one  hand  this  might  seem  to  be  a  fact  to  be  regretted;  but,  on 
the  other  hand,  if  he  had  spent  more  time  in  recording  there 
would  have  been  less  to  chronicle.  Splendid  records  he  has  left 
behind  him  at  the  National  Museum  in  the  complete  groups  of 
specimens  of  geyser  phenomena,  in  the  exhaustive  collections 
of  pottery,  costumes,  and  ceremonial  objects  of  the  Pueblo 
Indians.  These  have  made  his  fame  as  an  original  investi¬ 
gator.  It  must  be  left  to  others  to  chronicle  how  great  it  is. 

THOMAS  HAMPSON. 

Thomas  Hampson,  Chief  of  the  Editorial  Division  of  the 
U.  S.  Geological  Survey,  died  of  typhoid  fever,  at  his  home  at 
Lanier  Heights,  near  Washington,  April  23,  1888. 

He  was  born  in  New  York  City  September  29,  1849,  but 
spent  his  boyhood  and  youth  in  the  town  of  Newburgh,  N.  Y., 
where  he  learned  the  trade  of  a  printer.  He  early  showed 
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unusual  studiousness  and  quickness,  and  his  ability  was  rec¬ 
ognized  by  a  clergyman  of  the  town,  who  gave  him  evening 
lessons  and  prepared  him  to  enter  Cornell  University,  which 
he  did  in  1869.  Here  he  had  the  double  task  of  keeping  up 
with  the  course  of  studies  and  providing  for  his  own  main¬ 
tenance.  He  at  once  took  high  rank  in  his  class,  and  soon  won 
not  only  the  esteem  but  the  admiration  of  the  college  authori¬ 
ties.  At  the  end  of  his  third  year,  however,  the  strain  told  even 
upon  his  unusual  powers  of  endurance,  and  President  White 
strongly  urged  him  to  rest  from  college  work  for  a  year,  dur¬ 
ing  which  time  he  could  earn  the  means  to  take  him  through 
the  remainder  of  the  course  without  the  necessity  for  outside 
work.  The  kind  interest  which  prompted  this  advice  took 
practical  form,  and,  through  President  White’s  influence,  Mr. 
Hampson  obtained  a  place  as  compositor  in  the  Government 
Printing  Office  in  Washington.  At  the  end  of  a  year  he  re¬ 
sumed  his  studies.  He  graduated  in  1874  and  returned  to 
Washington,  where  he  was  re-employed  in  the  same  establish¬ 
ment.  In  1875  he  became  editor  of  the  publications  of  the 
Bureau  of  Education.  While  Mr.  Hampson  gave  conscientious 
attention  to  every  detail  of  the  onerous  duties  of  his  position, 
his  labors  did  not  stop  there.  In  1882  he  entered  the  law 
department  of  Georgetown  University,  where  he  took  the  pre¬ 
scribed  course  with  his  accustomed  thoroughness,  graduating 
as  bachelor  of  laws  in  1884. 

In  1885  he  left  the  Bureau  of  Education  to  accept  a  posi¬ 
tion  in  this  Survey,  where  he  discharged  with  signal  ability  a 
higher  order  of  duties  of  the  same  general  character.  He  was 
not  only  charged  with  the  typographic  accuracy  and  tasteful 
presentation-  of  all  the  publications  of  the  Survey  and  of  the 
Bureau  of  Ethnology,  but  with  the  corrections  and  emenda¬ 
tions  of  the  submitted  manuscript.  In  this  work  his  thorough 
knowledge  of  grammar,  his  keen  literary  tastes,  and  accurate 
acquaintance  with  Latin  and  modern  languages  gave  his  criti¬ 
cisms  great  value.  Contrary  to  the  general  rule,  by  which 
authors  are  supposed  to  adhere  tenaciously  to  their  own  formu¬ 
lation,  the  cases  were  rare  in  which  Mr.  Hampson’s  suggested 
emendations  were  not  adopted. 
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Mr.  Hampson  married  in  1878,  and  his  widow  and  two 
young1  sons,  to  whom  he  was  singularly  devoted,  survive  him. 

He  had  been  for  several  years  a  member  of  the  Cosmos 
Club  in  this  city,  and  also  belonged  to  the  Philosophical  and 
Anthropological  Societies  of  Washington.  At  the  time  of  his 
death  he  was  adding  to  his  official  work  the  duties  of  editor  of 
the  American  Anthropologist. 


DEPARTMENT  OF  THE  INTERIOR  UNITED  STATES  GEOLOGICAL  SURVEY. 


ADMINISTRATIVE  REPORTS 

OP 

CHIEFS  OF  DIVISIONS 

AND 

HEADS  OF  INDEPENDENT  PARTIES, 

ACCOMPANYING  THE  ANNUAL  REPORT  OF  THE 

DIRECTOR  OF  THE  U.  S.  GEOLOGICAL  SURVEY 

FOR  THE 

FISCAL  YEAR  ENDING  JUNE  30,  1888. 


ADMINISTRATIVE  REPORTS. 


REPORT  OF  MR.  HENRY  GANNETT. 

Division  of  Geography, 

Washington,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the 
operations  of  the  Division  of  Geography  during  the  fiscal  year 
ending  June  30,  1888. 

Geographic  work  was  prosecuted  during  the  year  in  the  following- 
named  regions,  in  most  cases  being  an  extension  of  the  work  of  pre¬ 
vious  years:  Massachusetts,  the  survey  of  which  was  finished;  New 
Jersey,  where  the  work  consisted  of  primary  leveling,  the  estab¬ 
lishment  of  bench-marks,  and  revision  of  earlier  surveys;  the  Ap¬ 
palachian  region  and  the  Atlantic  plain  south  of  Mason  and  Dix¬ 
on’s  line;  Kansas,  Missouri,  Texas,  New  Mexico,  California,  Oregon, 
and  Montana.  In  addition  to  these  areas  the  atlas  sheet  comprising 
Baltimore  and  its  suburbs  was  surveyed,  work  was  commenced  in 
Arkansas  and  Iowa,  and  surveys  begun  under  the  direction  of  Prof. 
T.  C.  Chamberlin,  in  Wisconsin,  were  continued.  The  total  area 
surveyed  during  the  year  is  52,062  square  miles,  which  is  distributed 
as  shown  in  the  following  table,  and  jn  the  map  which  constitutes 
Plate  I.  [Pocket  at  the  end  of  this  volume.] 


Region. 

Scale  of  field 
work. 

Scale  of  pub¬ 
lication. 

i 

Area  sur¬ 
veyed. 

Massachusetts  and  adjacent  States . 

1:30,000 

1:62, 500 

Square  miles. 
2,350 

Baltimore  and  vicinity . 

1:40,000 

1:62,500 

178 

Appalachian  region . 

1:126,720 

1:125,000 

16,525 

Missouri . 

1:63,360 

1: 125,000 

7, 900 

Kansas  . 

1:63,360 

1: 125,000 

1,000 

Arkansas . 

1:63,360 

1: 125,000 

4,000 

Wisconsin . 

1:31,180 

1:62, 500 

.  136 

Iowa . . 

1:31,180 

1:62,500 

950 

Texas . 

1:63,360 

1 : 125, 000 

4,050 

New  Mexico . 

1:126,720 

1:250,000 

7,200 

California . 

1:63,360 

1:125,000 

1,436 

Oregon  . 

1:126,720 

1:250,000 

3,327 

Montana  . 

1:126,720 

1:250,000 

3, 010 

Total . 

52,062 

.  . 
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The  survey  of  this  area  completes  seventy-four  sheets  of  the  Gen¬ 
eral  Topographic  Atlas. 

ORGANIZATION. 

No  material  changes  in  organization,  excepting  such  as  were  inci¬ 
dental  to  the  inauguration  of  the  new  work  mentioned  above,  have 
been  made.  The  changes  in  personnel  are  mentioned  in  their  appro¬ 
priate  places. 

NORTHEASTERN  SECTION. 

This  section  has  remained  in  charge  of  Mr.  Marcus  Baker,  geog¬ 
rapher. 

Massachusetts  subsection. — The  organization  of  work  in  Massachu¬ 
setts  was  in  most  respects  similar  to  that  of  the  previous  year.  The 
work  prosecuted  by  the  intersection  method  with  the  plane  table  has 
remained  under  the  immediate  charge  of  Mr.  Willard  D.  Johnson, 
topographer,  and  has  been  carried  on  mainly  in  the  western  part  of 
the  State.  Mr.  Natter,  using  the  plane  table,  with  a  number  of 
assistants  engaged  in  traversing,  has  worked  east  of  the  central  part 
of  the  State.  Cape  Cod  and  the  islands  of  Nantucket,  Martha’s 
Vineyard,  etc.,  have  been  surveyed  by  the  traverse  method. 

At  the  beginning  of  the  fiscal  year  field  work  was  in  active  prog¬ 
ress.  Mr.  Natter,  with  his  assistants,  Messrs.  J.  H.  Jennings  and 
William  Kramer,  was  at  work  completing  the  Framingham  sheet. 
In  July  Messrs.  D.  J.  Howell,  Clifford  Arrick,  and  Robert  Robertson, 
with  rodmen,  were  added  to  his  party.  Besides  completing  the  Fram¬ 
ingham  sheet,  this  party  surveyed  during  the  season  the  whole  of  the 
Groton  and  Fitchburg  sheets,  and  completed  the  unfinished  parts  of 
the  Palmer,  Brookfield,  and  Providence  sheets,  an  estimated  area  of 
916  square  miles.  The  field  work  of  this  party  was  completed  and 
the  men  returned  to  Washington  in  the  latter  part  of  November. 

Mr.  Johnson’s  plane  fablers  were  in  the  field  and  at  work  prior  to 
the  commencement  of  the  fiscal  year,  Mr.  R.  D.  Cummin  being  en¬ 
gaged  upon  the  Marlborough  sheet,  Mr.  W.  H.  Lovell  upon  the 
Greenfield  sheet,  Mr.  Laurence  Thompson  upon  the  Belchertown 
sheet,  and  Mr.  C.  C.  Bassett  upon  the  Springfield  sheet.  Immedi¬ 
ately  after  the  1st  of  July  Mr.  Johnson  took  the  field  to  survey  the 
Winchendon  sheet  personally.  All  of  these  sheets,  together  with 
the  Warwick  and  the  Barre  sheets  and  the  unfinished  portion  of  the 
Webster  sheet,  were  completed  during  the  season,  an  area  altogether 
of  1,362  square  miles.  The  areas  surveyed  by  the  men  individually 
are  given  below:  Mr.  Johnson,  211  square  miles;  Mr.  Bassett,  241; 
Mr.  Cummin,  323;  Mr.  Lovell,  339;  Mr.  Thompson,  248.  It  is  to  be 
noted  that  Mr.  Johnson  commenced  work  late  in  the  season  and 
that  much  of  his  time  was  taken  up  with  supervision. 

The  survey  of  Cape  Cod,  Nantucket,  Martha’s  Vineyard  and  the 
Elizabeth  Islands  was  entrusted  to  Mr.  E.  B.  Clark,  who  reported 
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directly  to  Mr.  Baker.  Mr.  Clark  commenced  work  early  in  the 
spring  and  completed  the  survey,  reporting  in  Washington  in  the 
latter  part  of  November. 

During  the  winter  the  men  were  actively  engaged  in  completing 
plane-table  sheets,  platting  and  adjusting  traverses,  and  drawing 
their  maps.  It  gives  me  pleasure  to  state  that  at  this  date  the  sur¬ 
vey  of  the  State,  together  with  considerable  areas  of  the  adjoining 
States  of  New  Hampshire,  Vermont,  New  York,  Connecticut,  and 
Rhode  Island,  has  been  completed,  the  maps  have  been  drawn  and 
made  ready  for  the  engraver. 

Duringthe  months  of  May  and  June,  as  the  men  engaged  in  the 
work  of  this  subsection  completed  their  office  work,  they  resumed 
field  work.  In  accordance  with  the  agreement  made  with  the 
commissioners  of  the  State  of  Rhode  Island,  work  was  commenced 
in  that  State  in  the  latter  part  of  May.  Mr.  R.  U.  Goode,  topog¬ 
rapher,  was  temporarily  detached  from  the  western  section  for 
the  purpose  of  extending  tri angulation  over  Rhode  Island,  from 
bases  furnished  by  the  U.  S.  Coast  and  Geodetic  Survey.  He  has 
found  great  difficulty  in  executing  this  work  owing  to  the  fact  that 
in  late  years  the  timber  growth  in  the  State  has  increased  largely, 
requiring  the  building  of  high  platforms  for  observing.  He  has 
pushed  the  work,  however,  with  his  usual  energy  and  efficiency,  and 
will  complete  it  during  the  month  of  July. 

For  the  purpose  of  establishing  datum  points  for  heights  through¬ 
out  the  State,  Mr.  Frank  Sutton  was  ordered  there,  with  instructions 
to  run  lines  with  the  Y  level  over  the  railroads  and  certain  wagon 
roads.  This  work  has  been  satisfactorily  accomplished,  Mr.  Sutton 
having  run  in  thirty  working  days  183  miles  of  level,  establishing 
bench-marks  at  every  road  crossing,  and  giving  a  primary  basis  for 
the  vertical  element  of  the  survey. 

During  the  month  of  June  Messrs.  E.  B.  Clark,  J.  H.  Jennings, 
and  William  Kramer  were  ordered  to  Rhode  Island  for  the  purpose 
of  surveying  the  topographic  details.  In  this  work  the  plane  table 
is  being  used  as  far  as  possible,  making  locations  by  intersection, 
while  most  of  the  details  of  the  topography  are  obtained  by  stadia 
traverses.  These  parties  report  excellent  progress. 

About  the  middle  of  June  Mr.  W.  H.  Lovell  resumed  work  in  the 
portions  of  the  Newburyport  and  Haverhill  sheets  which  project 
from  Massachusetts  into  New  Hampshire,  and  Mr.  C.  C.  Bassett  com¬ 
menced  the  survey  of  the  parts  of  the  Berlin  and  Pittsfield  sheets 
which  project  from  Massachusetts  into  New  York. 

Upon  the  completion  of  their  office  work  Messrs.  D.  J.  Howell  and 
Laurence  Thompson  resigned  from  the  Survey. 

The  survey  of  New  Jersey  leaves  unfinished  a  number  of  sheets 
upon  the  northern  and  western  borders  projecting  into  New  \  ork 
and  Pennsylvania.  Mr.  R.  D.  Cummin  was  detailed  early  in  June 
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for  the  survey  of  certain  of  these  sheets  projecting  into  the  Catskill 
plateau  region  of  New  York,  where  he  is  at  work,  while  Mr.  E.  W. 
F.  Natter,  with  Messrs.  Jere.  Ahern  and  W.  R.  Atkinson,  who  had 
been  detached  from  the  Appalachian  section  for  the  purpose,  was 
assigned  to  the  completion  of  such  sheets  as  project  into  eastern 
Pennsylvania.  Upon  these  he  has  recently  commenced  work. 

New  Jersey  subsection. — Upon  the  nominal  completion  of  the  sur¬ 
vey  of  New  Jersey  last  spring,  there  remained  an  area  of  about  400 
square  miles,  lying  in  the  middle  eastern  part  of  the  State,  the  maps 
of  which  had  been  compiled  from  existing  county  maps  as  far  as 
horizontal  location  was  concerned.  The  vertical  element  had  been 
added  to  this  by  the  State  survey.  It  was  deemed  best  to  replace 
this  horizontal  element  by  our  own  surveys,  and  with  this  in  view 
traverse  work  was  carried  on  under  Mr.  Vermeule  until  its  comple¬ 
tion  early  in  the  autumn.  In  addition  to  this  it  was  found  desirable 
to  establish  certain  bench-marks  for  levels.  This  also  was  completed, 
and  the  organization  in  New  Jersey  was  broken  up  last  November. 
At  the  end  of  May  Mr.  Vermeule  himself  severed  his  connection 
with  the  Survey. 

Baltimore  subsection. — During  the  past  year  an  area  having  the 
dimensions  of  an  atlas  sheet  and  comprised  between  the  meridians 
of  76°  15'  and  76°  30'  and  the  parallels  of  39°  05'  and  39°  20',  including 
Baltimore  and  its  suburbs,  was  surveyed,  the  work  being  in  charge 
of  Mr.  S.  H.  Bodfish,  topographer,  who  was  assisted  tenvporarily  by 
Mr.  J.  H.  Jennings,  assistant  topographer.  The  scale  of  field  work 
was  1:40,000  and  the  contour  interval  20  feet.  The  map  is  designed 
for  publication  upon  a  scale  of  1:62,500.  A  part  of  this  area  was 
obtained  from  the  Coast  and  Geodetic  Survey,  the  portion  surveyed 
by  Mr.  Bodfish  comprising  178  square  miles.  The  work  was  done 
with  the  plane  table  by  intersections,  but  was  supplemented  largely 
by  traverses  of  roads  with  the  stadia. 

The  entire  area  surveyed  by  the  northeastern  section  during  the 
fiscal  year  is  2,528  square  miles,  no  account  being  made  of  the  revis¬ 
ion  work  done  in  New  Jersey. 

APPALACHIAN  SECTION. 

This  section  has,  as  heretofore,  remained  in  charge  of  Mr.  Gilbert 
Thompson,  geographer.  Its  organization  has  comprised  six  topo¬ 
graphic  parties,  and  one  party  for  furnishing  control,  while  a  num¬ 
ber  of  topographers  have  been  engaged  upon  independent  work,  dis¬ 
connected  from  the  regular  parties. 

Mr.  Griswold  was  entrusted  with  the  work  of  establishing  pri¬ 
mary  control  for  the  topography  in  the  level  country  east  of  the 
Blue  Ridge  in  Virginia.  He  attempted  this  by  means  of  traverses 
of  railway  lines,  connecting  them  at  the  ends  to  the  triangulation  of 
the  Coast  and  Geodetic  Survey.  He  obtained  within  the  area  be- 
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tween  the  Potomac  and  James  Rivers  lying  east  of  the  Blue  Ridge 
the  data  for  alignment  from  recent  resurveys  of  nearly  all  the  rail¬ 
roads.  Such  as  were  wanting  he  supplied,  running  the  lines  with  a 
six-inch  transit  and  a  three-hundred-foot  steel  tape.  This  material 
when  put  together  was  found  to  meet  the  requirements,  and  the  to¬ 
pographic  work  carried  over  part  of  the  area  above  indicated  rests 
upon  it. 

Mr.  E.  C.  Barnard  was  placed  in  charge  of  a  topographic  party 
for  the  survey  of  that  part  of  the  Piedmont  region  lying  south 
and  west  of  the  Potomac  to  latitude  38°,  and  extending  westward 
to  the  line  of  previous  work.  Being  a  country  of  low  relief,  the 
contour  interval  was  reduced  from  one  hundred  feet,  the  custom¬ 
ary  interval  in  the  Appalachian  region,  to  fifty  feet,  and  the  work 
was  necessarily  done  entirely  by  traverse,  using  the  compass  and 
odometer.  It  was  platted  in  the  field  by  the  traverse  men.  As  as¬ 
sistants  Mr.  Barnard  had  Messrs.  C.  G.  Van  Hook,  R.  L.  Lincoln,  and 
R.  L.  Mitchell.  Work  was  commenced  on  July  8  and  closed  about 
the  middle  of  November.  The  party  surveyed  an  area  of  2,600 
square  miles,  covering  the  region  above  indicated,  with  some  over¬ 
lapping  areas,  and  completing  four  atlas  sheets,  with  the  exception 
of  the  parts  lying  upon  the  eastern  shore  of  the  Potomac  in  Mary¬ 
land. 

To  Mr.  Morris  Bien  was  assigned  the  completion  of  the  atlas  sheets 
comprised  in  the  degree  between  latitudes  37°  and  38°  and  meridians 
80°  and  81°.  As  assistants  he  had  Messrs.  R.  C.  McKinney,  C.  E. 
Cooke,  B.  H.  Monroe,  Desha  Breckenridge,  Robert  Breckenridge, 
and  A.  B.  Searle.  In  addition  to  these,  Mr.  D.  C.  Harrison  was  de¬ 
tailed  temporarily  to  this  party.  They  commenced  work  July  8. 
On  September  2  Mr.  Harrison  left  the  party,  and  on  September  20 
Mr.  McKinney  left  it,  to  engage  in  independent  work.  The  latter 
returned  to  this  party  on  November  7  and  remained  until  the  close 
of  the  field  work,  on  November  22.  The  party  completed  the  area 
assigned  it,  mapping  in  all  2,500  square  miles. 

Mr.  L.  C.  Fletcher  was  directed  to  complete  the  unsurveyed  por¬ 
tions  of  the  degrees  between  latitudes  38°  and  39°  and  meridians  78° 
and  80°,  lying  partly  in  Virginia  and  partly  in  West  Virginia.  He  left 
for  the  field  July  1,  outfitting  at  Staunton,  Va. ,  having  as  assistants 
Messrs.  R.  O.  Gordon,  W.  J.  O'Connell,  C.  H.  De  Butts,  and  H.  W. 
Carpenter.  Mr.  Gordon  left  this  party  September  7  to  prosecute  in¬ 
dependent  work.  Mr.  Fletcher  commenced  work  on  July  0,  and 
prosecuted  it  continuously  until  October  31,  when  he  disbanded  his 
party  and  returned  to  Washington,  having  mapped  2,500  square 
miles. 

To  Mr.  Merrill  Hackett  was  assigned  the  completion  of  the  degree 
lying  between  latitudes  34°  and '35°  and  longitude  84°  and  85°,  in  north¬ 
ern  Georgia,  besides  certain  small  outlying  areas.  He  had  as  assist- 
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ants  Messrs.  A.  E.  Murlin,  C.  W.  Goodlove,  and  S.  H.  Dent.  The  lat¬ 
ter  resigned  on  September  30,  and  Mr.  James  Graham  took  his  place 
on  the  following  day.  Mr.  Haekett  commenced  work  on  July  12,  and 
between  that  date  and  the  end  of  October  surveyed  an  area  of  2,100 
square  miles. 

To  Mr.  Louis  Nell  was  assigned  an  area  in  northern  Alabama, 
comprising  the  completion  of  atlas  sheets  33°  30'-85°,  33°  30'-85°  30', 
together  with  as  large  a  part  as  possible  of  the  square  degree  lying 
between  latitudes  33°  and  34°  and  longitudes  86°  and  87°.  To  him 
were  assigned  Messrs  Jere.  Ahern,  W.  R.  Atkinson,  W.  L.  Miller,  F. 
P.  Gulliver,  and  L.  J.  Battle,  He  commenced  work  early  in  July 
and  worked  continuously  until  tiie  close  of  the  season,  disbanding  on 
November  15.  An  area  of  3,000  square  miles  was  surveyed  by  this 
party. 

To  Mr.  Charles  M.  Yeates  was  assigned  an  area  in  eastern  Ken¬ 
tucky  comprising  the  unsurveyed  portion  of  atlas  sheet  36°  30'-84°, 
together  with  atlas  sheets  37°-83°  and  37°-83°  30'.  He  was  directed 
also  to  carry  on  such  triangulation  as  was  needed  for  the  control  of 
this  area.  As  assistants  there  were  detailed  to  his  party  Messrs. 
R.  M.  Towson,  L.  D.  Brent,  R.  McC.  Michler,  A.  E.  Wilson,  R.  B. 
Cameron,  and  C.  B.  Buckstone.  Work  was  commenced  on  July  12 
and  prosecuted  until  November  3,  when  the  party  was  disbanded  at 
London,  Ky.  Mr.  Yeates,  however,  remained  in  the  field  with  two 
assistants  to  attempt  triangulation  until  December  10.  During  the 
season  this  party  mapped  about  2,000  square  miles.  The  topographic 
work  was  moderately  successful,  but  owing  to  the  difficulties  of  the 
country  and  the  prevalent  bad  weather,  the  triangulation  is  left  in  a 
weak  condition,  so  that  only  a  portion  of  this  work  can  be  completed 
at  present. 

To  Mr.  J.  W.  Hays  was  assigned  the  completion  of  the  atlas 
sheets  36°-80°  30'  and  3G°-81°,  lying  on  the  eastern  slope  of  the  Blue 
Ridge  in  North  Carolina  and  Virginia.  It  was  considered  practicable 
to  do  this  work  without  a  party  organization.  He  began  work  on 
July  5  and  worked  continuously  until  September  20,  when,  before 
completing  the  area,  it  was  found  necessary  to  assign  him  to  other 
work.  The  area  surveyed  by  him  is  estimated  at  750  square  miles. 

On  commencing  work  in  the  Appalachian  region  it  was  the  inten¬ 
tion  that  the  maps  should  be  published  on  a  scale  of  1:250,000,  with 
contour  intervals  of  200  feet.  After  prosecuting  the  work  for  two 
years  and  before  engraving  any  of  the  maps,  it  was  found  desirable 
to  enlarge  the  scale  to  1: 125,000  and  diminish  the  contour  interval  to 
100  feet.  The  areas  which  had  been  previously  surveyed  were  pub¬ 
lished  upon  this  scale.  Subsequent  examination  has  shown  the  ne¬ 
cessity  for  revising  much  of  this  early  work  in  order  to  bring  it  up 
to  the  requirements  of  the  scale.  This  revision  was  commenced 
during  the  past  season  and  prosecuted  as  far  as  the  means  at  hand 
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would  permit.  To  this  work  were  assigned  a  number  of  the  best  as¬ 
sistant  topographers  of  the  section.  Messrs.  R.  C.  McKinney,  R.  O. 
Gordon.  R.  L.  Longstreet,  D.  C.  Harrison,  and  J.  W.  Hays.  Parts 
of  the  Abingdon,  Bristol.  Taylorsville,  Roan  Mountain  and  Asheville 
sheets  were  revised,  and  other  large  areas  were  examined  with  a  view 
to  revision  if  necessary. 

Base  barometric  stations  were  maintained  during  the  season  at 
Lexington,  Ya. ,  Richmond,  Ky.,  Warrenton,  Va.,  and  Avondale, 
Ala.  The  observations  taken  by  the  Signal  Service  observers  at 
Knoxville,  Tenn.,  Lynchburgh,  Ya. ,  Montgomery,  Ala.,  and  At¬ 
lanta,  Ga. ,  have  been  furnished  through  the  courtesy  of  the  Chief 
Signal  Officer  of  the  Army  and  used  in  the  reduction  of  barometric 
altitudes. 

In  April,  1888,  the  work  of  surveying  tne  great  Dismal  Swamp  of 
eastern  Virginia  and  the  adjacent  region  was  commenced.  To  this 
work  were  assigned  Messrs.  W.  R.  Atkinson,  R.  M.  Towson,  and 
E.  G.  Kennedy.  It  is  proposed  to  publish  the  topographic  work 
upon  the  scale  of  1 : 125,000,  and  owing  to  the  extremely  low  relief  ,  the 
contour  interval  was  set  at  five  feet.  Owing  to  the  fact  that  great 
accuracy  is  required  in  the  vertical  element  of  the  survey,  it  seemed 
desirable  to  have  this  surveyed  by  a  separate  operation  and  by  means 
of  the  Y  level.  Mr.  Towson  was,  therefore,  furnished  with  a  plane 
table  and  an  odometer  for  traversing,  for  surveying  the  plan  only, 
and  his  plane-table  sheets  were  subsequently  turned  over  to  Mr.  At¬ 
kinson,  who  ran  lines  with  the  Y  level  over  them  and  put  in  the  con¬ 
tours.  This  work  was  prosecuted  continuously  on  this  plan  until 
the  end  of  June,  when  the  men  were  ordered  to  Washington,  the  sea¬ 
son  having  become  too  far  advanced  for  work  to  be  prosecuted  farther 
in  this  region.  The  area  surveyed  is  estimated  at  G25  square  miles. 

Early  in  May  Messrs.  D.  C.  Harrison  and  R.  McC.  Michler  were 
sent  to  survey  that  part  of  Maryland  included  in  the  Spottsylvania 
and  Mount  Vernon  atlas  sheets.  This  was  surveyed  with  the  pffine 
table,  using  it  as  a  traverse  instrument,  and  was  completed  about  the 
middle  of  June. 

During  May  Messrs.  Gordon  and  Hays  were  sent  to  the  field  for 
the  purpose  of  continuing  revision  work,  Mr.  Hays  upon  the  Mount 
Mitchell  (1ST.  C.)  sheet,  and  Mr.  Gordon  upon  the  Greeneville  (Tenn.) 
sheet. 

In  June  Mr.  A.  E.  Murlin  was  detailed  for  similar  work  upon  the 
Estillville  sheet.  These  men  are  making  excellent  progress. 

During  the  month  of  June  Messrs.  M.  Hackett,  E.  P.  Gulliver,  C. 
W.  Goodlove,  and  R.  B.  Cameron  were  sent  to  the  field  in  Maryland 
for  the  purpose  of  completing  atlas  sheet  39,76,  where  the  close  of  the 
fiscal  year  finds  them  at  work. 

The  entire  area  surveyed  by  the  Appalachian  section  during  the 
fiscal  year  is  16,525  square  miles,  exclusive  of  the  areas  revised. 
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CENTRAL  SECTION. 

This  section  has  remained  in  charge  of  Mr.  John  H.  Renshawe, 
geographer. 

Work  was  continued  in  Missouri  and  Kansas  and  was  commenced 
in  Iowa,  Arkansas,  and  Wisconsin.  As  in  previous  years,  the  work 
in  Missouri  has  been  carried  on  by  Mr.  H.  L.  Baldwin,  topographer, 
to  whom  were  assigned  as  assistants  Messrs.  W.  H.  Herron  and 
C.  W.  Hawkins.  They  commenced  work  early  in  July.  The  area 
assigned  them  for  survey  consisted  in  the  completion  of  the  atlas 
sheets  39°-94°  30',  39°-94°,  39°-93°  30',  39°-93°,  39°-92°  30',  together 
with  the  entire  area  of  atlas  sheets  39°-92°,  39°-91°  30',  39°-91°, 
38°  30'-91°  30',  and  38°  30'-91°.  This  area,  which  includes  a  belt  of  va¬ 
riable  width  across  the  whole  State,  was  completed  by  the  middle  of 
October.  The  party  organization  was  then  broken  up,  Mr.  Hawkins 
was  ordered  to  Washington,  and  Messrs.  Baldwin  and  Herron  were 
directed  to  proceed  to  southern  Kansas  and  survey  the  atlas  sheet 
39°-9?°.  This  was  soon  finished,  and  Messrs.  Baldwin  and  Herron 
returned  to  Washington  the  latter  part  of  October.  The  total  area 
surveyed  by  this  party  during  the  season  was  8.900  square  miles. 

The  work  in  Arkansas  was  put  in  charge  of  Mr.  S.  S.  Gannett,  to¬ 
pographer,  who  was  detailed  from  the  Appalachian  section  for  that 
purpose.  A  triangulation  party  was  organized  under  his  immediate 
direction,  and  a  topographic  party  was  organized  under  Mr.  H.  B. 
Blair,  who  was  detailed  from  the  Appalachian  section.  Mr.  Gan¬ 
nett  was  given  as  assistant  Mr.  G.  T.  Hawkins,  and  to  Mr.  Blair  were 
assigned  Mr.  Van  H.  Manning,  jr.,  detailed  from  the  northeastern 
section,  B.  W.  Duke,  and  W.  E.  Lackland,  the  latter  detailed  from 
the  Appalachian  section.  To  this  subsection  was  assigned  the  sur¬ 
vey  of  the  square  degree  limited  between  latitudes  34°  30'  and  35°  30' 
and  longitudes  93°  30'  and  94°  30'.  an -area  of  about  4.000  square  miles. 
The  work  was  designed  for  publication  on  the  scale  of  1:125,000, 
with  contours  fifty  feet  apart.  Operations  were  commenced  early  in 
July.  A  base  line  about  three  miles  long  was  measured  on  a  tan¬ 
gent  of  the  St.  Louis  and  San  Francisco  Railway,  in  the  eastern  bor¬ 
der  of  Indian  Territory.  The  measurement  was  made  with  a  three- 
hundred-foot  steel  tape,  under  a  constant  tension  of  twenty  pounds, 
the  tape  being  laid  along  the  railroad  ties  and  contacts  being  marked 
by  a  knife  edge.  The  measurements  were  made  on  four  successive 
nights,  and  the  results,  both  as  regards  the  total  length  and  the 
three-hundred-foot  sections,  indicated  that  the  measurement  was  am¬ 
ply  good  for  the  purpose  for  which  it  was  made.  An  expansion  was 
effected  in  the  Ozark  hills  and  triangulation  carried  over  the  area 
under  survey,  as  shown  upon  the  accompanying  diagram,  PI.  II. 
Connection  was  made  with  the  astronomical  station  at  Fort  Smith. 
Ark.  Fourteen  stations  were  occupied  and  signals  were  erected  upon 
two  others,  which  were  located  but  not  occupied.  Topographic 
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work  was  carried  forward  through  the  season  with  great  energy  and 
good  judgment,  and  the  assigned  area  was  completed  early  in  Novem¬ 
ber,  when  both  parties  disbanded  and  returned  to  Washington. 

For  the  prosecution  of  work  in  Iowa  Mr.  W.  J.  Peters  was  selected, 
with  Mr  C.  T.  Reid  as  assistant.  The  area  selected  for  survey  com¬ 
prised  30  minutes  of  latitude  by  30  of  longitude,  lying  between  the 
parallels  of  41°  30'  and  42°  and  the  meridians  of  91°  15'  and  91°  45'. 
The  work  was  designed  for  publication  upon  the  scale  of  1:62,500, 
with  contours  twenty  feet  apart.  The  held  sheets  were  made  upon  a 
scale  of  two  inches  to  a  mile,  the  scale  of  the  township  plats.  Work 
was  commenced  early  in  July,  utilizing  the  locations  of  township 
and  section  corners,  roads,  etc.,  as  given  by  the  land  survey  upon 
the  ground.  Heights  were  carried  by  the  vertical  circle  of  the  ali¬ 
dade,  sighting  at  natural  objects,  a  method  which  was  found  to  be 
very  successful,  both  as  regards  accuracy  and  economy.  Mr.  Peters 
surveyed  the  area  assigned  him,  comprising  about  950  square  miles, 
completing  it  early  in  November.  For  the  control  of  this  area  a 
traverse  line  was  run  by  him  from  the  astronomical  location  at 
Rock  Island,  Ill.,  along  the  Chicago  and  Rock  Island  Railroad,  to 
and  across  the  area  surveyed,  measuring  distances  with  a  steel  tape 
under  a  constant  tension  and  directions  by  means  of  a  ten-second 
theodolite.  He  adopted  the  azimuth  determined  at  Rock  Island 
and  observed  for  azimuth  at  Iowa  City,  near  the  west  end  of  the 
work. 

During  the  past  two  years  Prof.  T.  C.  Chamberlin  has  had  an  as¬ 
sistant,  Mr.  T.  M.  Buell,  engaged  in  topographic  work  in  southern 
Wisconsin,  mapping  the  glacial  deposits  of  that  region.  Toward 
the  close  of  the  season,  at  his  request,  Mr.  Renshawe  personally 
undertook  the  extension  of  this  survey  to  the  westward,  with  a 
view  to  completing  sheets  for  publication,  the  publication  scale  to  be 
1:62,500,  i.  e.,  the  one-mile  scale,  and  with  twenty-foot  contours. 
Mr.  Renshawe  was  engaged  upon  this  work  until  the  latter  part  of 
November,  and  surveyed  136  square  miles. 

WESTERN  SECTION. 

This  section  has  remained  under  the  charge  of  Prof.  A.  H.  Thomp¬ 
son,  chief  geographer. 

The  only  change  in  fields  of  work  in  this  section  consisted  in  the 
transfer  of  the  force  in  Arizona  to  New  Mexico. 

Texas  subsection. — The  organization  of  this  subsection  has  re¬ 
mained  the  same  as  in  previous  years.  Mr.  R.  U.  Goode,  topogra¬ 
pher,  has  remained  in  charge  and  has  personally  carried  on  the  tri¬ 
angulation,  while  the  two  topographic  parties  have  been  in  charge 
of  Messrs.  C.  H.  Fitch  and  H.  S.  Wallace,  topographers.  The  parties 
took  the  field  in  July.  No  haste  was  employed  in  getting  them  at 
work,  owing  to  the  extreme  heat,  and  it  was  not  until  the  1st  of 
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August  that  work  actually  commenced.  Mr.  Goode,  with  his  assist¬ 
ant,  Mr.  C.  F.  Urquhart,  selected,  built,  and  occupied  during  the 
season  nineteen  new  stations  in  the  primary  triangulation,  besides 
reoccupying  three  of  the  year  before.  The  triangulation  of  this 
subsection  is  shown  in  the  accompanying  diagram,  PI.  III. 

Mr.  Fitch,  with  Messrs.  F.  H.  Thorpe,  Robert  Muldrow,  and  J.  T. 
Jones,  as  assistants,  surveyed  an  area  of  2,000  square  miles,  complet¬ 
ing  the  Brown  wood  and  Coleman  atlas  sheets. 

Mr.  Wallace,  with  Messrs.  Frank  E.  Gove,  Lincoln  Martin,  and 
E.  M.  Hasbrouck,  as  assistants,  surveyed  2,050  square  miles,  com¬ 
pleting  the  Stevensville  and  Granbury  atlas  sheets,  together  with  a 
part  of  the  Glenrose  sheet.  The  parties  closed  work  and  disbanded 
at  the  end  of  October  and  returned  to  Washington. 

New  Mexico  subsection. — The  party  under  Mr.  A.  P.  Davis,  which 
had  formerly  been  at  work  in  Arizona,  was  assigned  to  the  survey 
of  the  following  areas,  lying  in  northwestern  and  central  New  Mex¬ 
ico,  viz,  the  square  degree  35°-106°  and  the  area  between  the  parallels 
of  36°  and  3G°  45'  and  the  meridians  of  107°  and  109°,  consisting  of  the 
southern  three-quarters  of  two  atlas  sheets,  the  northern  quarter  of 
which  had  been  surveyed  by  the  Hayden  Survey  in  1874-’75.  Mr. 
Davis  took  the  field  early  in  July,  with  Messrs.  R.  H.  Chapman, 
James  E.  Shelley,  F.  D.  Ermentrout,  and  W.  W.  Davis  as  assistants. 
During  most  of  the  season  this  force  was  divided  into  three  small 
parties,  Mr.  Davis  himself  carrying  on  primary  triangulation,  while 
a  small  party  under  Mr.  Chaoman  undertook  the  southern  area  and 
another  under  Mr.  W.  W.  Davis  was  assigned  to  the  northern  area. 
The  latter  was  completed  during  the  season.  The  work  of  the  for¬ 
mer  party  and  of  the  triangulation  was  greatly  interfered  with  by 
illness  of  the  men.  While  the  plans  for  the  triangulation  were  car¬ 
ried  out,  only  a  small  portion  of  the  southern  area,  comprising  per¬ 
haps  a  third  of  a  square  degree,  was  surveyed.  The  total  area  sur¬ 
veyed  by  this  subsection  was  7,200  square  miles,  and  the  parties 
disbanded  at  the  close  of  October.  The  triangulation  is  shown  on 
the  accompanying  diagram,  PI.  IV. 

California  subsection. — The  beginning  of  the  year  found  Messrs. 
H.  M.  Wilson,  A.  F.  Dunnington,  and  R.  H.  McKee  in  the  field, 
engaged  in  carrying  forward  the  triangulation  over  the  area  to  be 
mapped  during  the  season.  This  was  completed  during  the  favora¬ 
ble  weather  of  the  early  summer.  Three  topographic  parties  were 
then  organized,  respectively  under  Messrs.  Wilson,  Dunnington,  and 
McKee,  the  first  of  which  was  employed  in  surveying  the  unsur¬ 
veyed  area  on  the  east  of  sheet  39°-120°  30'.  The  other  two  parties  sur¬ 
veyed  sheet  38°  30'-120°  30',  and  a  part  of  38°  30'-121°.  They  closed 
work  in  the  latter  part  of  October.  The  total  area  surveyed  by  this 
subsection  during  the  season  is  1,436  square  miles.  The  triangula¬ 
tion  is  shown  on  the  accompanying  diagram,  PI.  V. 
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On  the  1st  of  May  of  the  present  year  Messrs.  Wilson,  Dunning- 
ton,  and  McKee  were  ordered  again  to  the  field  for  the  purpose  of 
extending  the  triangnlation  during  the  early  part  of  the  season  while 
the  atmospheric  conditions  were  favorable.  Reports  received  indi¬ 
cate  the  successful  completion  of  the  work. 

Oregon  subsection. — At  the  beginning  of  the  fiscal  year,  Messrs. 
F.  J.  Knight  and  Eugene  Ricksecker  were  in  the  field  engaged  in 
executing  triangulation  in  advance  of  the  topographic  work.  This 
having  been  completed,  two  topographic  parties  were  organized  un¬ 
der  the  charge  of  these  two  gentlemen.  To  Mr.  Knight  was  assigned 
the  survey  of  the  atlas  sheets  42°-123°  and  42°-124°,  and  to  Mr.  Rick¬ 
secker  the  completion  of  sheets  42°-121°  and  42°-122°.  Work  was  car¬ 
ried  on  in  this  rugged  mountain  region  until  the  middle  of  October, 
when  the  parties  disbanded,  having  completed  an  area  of  3,327  square 
miles.  The  accompanying  diagram,  PI.  VI,  shows  the  progress  of 
the  triangulation. 

Early  in  May  of  the  present  year  work  was  resumed  in  this  area 
for  the  purpose  of  extending  the  triangulation  over  the  area  to  he 
surveyed  during  the  current  field  season.  Mr.  W.  T.  Griswold,  to¬ 
pographer,  who  was  transferred  from  the  Appalachian  section,  was 
placed  in  charge  of  the  work  and  one  of  the  parties,  while  the  second 
party,  owing  to  the  resignation  of  Mr.  Eugene  Ricksecker,  was  put 
in  charge  of  Mr.  E.  T.  Perkins,  assistant  topographer.  Mr.  H.  M. 
Wilson  was  also  ordered  up  from  the  California  subsection  to  assist 
temporarily  in  the  work  of  the  triangulation.  Favorable  atmos¬ 
pheric  conditions  have  aided  the  work,  and  at  the  present  date  the 
triangulation  has  been  extended  sufficiently  to  control  the  area  which 
will  be  surveyed  this  season. 

Montana  subsection. — The  organization  of  this  subsection  has  re¬ 
mained  the  same  as  during  the  previous  year,  being  in  charge  of  Mr. 
E.  M.  Douglas,  topographer,  and  consisting  of  two  topographic  par¬ 
ties,  respectively  in  charge  of  Messrs.  Douglas  and  Frank  Tweedy, 
topographers.  To  Mr.  Douglas  was  assigned  the  work  of  carrying 
forward  the  triangulation  for  the  entire  area  surveyed  and  the  topo¬ 
graphic  survey  of  the  unfinished  portions  of  atlas  sheets  46°-109° 
and  47°-110°.  Mr.  Tweedy  was  assigned  to* the  survey  of  the  unfin¬ 
ished  portions  of  sheet  45°-110°  and  so  much  of  45°-112°  as  practica¬ 
ble.  Work  was  commenced  about  the  middle  of  July  and  carried 
on  until  the  middle  of  October,  when  the  parties  disbanded.  The 
area  surveyed  was  3,010  square  miles. 

Early  in  May  of  the  present  year  Messrs.  Douglas  and  Tweedy 
were  ordered  to  the  field,  the  former  for  the  purpose  of  extending 
the  triangulation  over  the  area  to  be  surveyed  during  the  present 
season,  and  the  latter  for  the  prosecution  of  topographic  work.  At 
this  date  Mr.  Douglas  has  practically  completed  the  triangulation 
which  will  be  required  for  the  control  of  the  season’s  work,  and  Mr. 
Tweedy  has  surveyed  1,000  square  miles. 
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Yellowstone  Park. — In  connection  with  the  geological  work  being 
prosecuted  in  the  Yellowstone  Park,  it  was  found  necessary  to  have 
some  special  maps  made  of  the  Hot  Springs  areas,  and  this  work  was 
assigned  to  Mr.  Anton  Karl,  topographer,  with  Mr.  J.  R.  Bien  as 
assistant  and  the  requisite  number  of  rodmen.  During  the  short 
field  season  Mr.  Karl  mapped  the  Upper  and  Lower  Geyser  Basins, 
the  Norris  Basin,  and  the  group  known  as  the  Mammoth  Hot 
Springs.  During  the  winter  Mr.  Karl  drew  from  these  surveys  eight 
maps,  including,  in  addition  to  the  maps  of  the  geyser  basins,  certain 
still  more  special  maps  of  parts  of  these  basins. 

During  the  winter  months  the  topographers  and  their  assistants 
were  engaged  in  reducing  the  triangulation  and  completing  the  maps, 
and  at  the  present  date  the  work  of  the  season  of  1887  has  been  entirely 
completed  and  the  maps  have  been  prepared  for  the  engraver. 

In  my  last  report  a  summary  was  presented  of  the  control  of  the 
work  of  last  year,  together  with  some  explanatory  remarks.  Simi¬ 
lar  data  concerning  the  work  of  the  past  fiscal  year  are  herewith  pre¬ 
sented  in  tabular  form.  It  will  be  noted  that  the  portion  relating  to 
the  Massachusetts  and  New  Jersey  work  covers  the  entire  survey  of 
those  States. 
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1  Entire  experience  in  Massachusetts.  3  Many  secondary  locations  furnished  by  land  surveys.  6  In  part  occupied  with  triangulation. 

2  Entire  experience  in  New  Jersey.  4  All  secondary  locations  made  by  land  surveys. 
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The  table  is  presented  not  as  a  comparison  of  men,  although 
doubtless  the  personal  element  has  influence  upon  the  results,  but  as  a 
comparison  of  the  effect  upon  output  and  amount  of  control  exerted 
by  the  scale,  the  character  of  the  country,  and  the  methods  employed. 
The  intersection  method  has  been  used  in  preference  to  the  traverse 
method  wherever  possible.  Pure  intersection  work  was  possible 
over  a  large  portion  of  the  area  of  Massachusetts;  a  mixed  system 
over  a  smaller  area,  in  which  there  was  much  level  or  rolling  tim¬ 
bered  country;  while  over  a  still  smaller  proportion  it  was,  owing  to  the 
low  relief  and  the  presence  of  woods,  uneconomical  to  use  it  at  all. 
The  traverse  method  has  been  used  throughout  in  the  New  Jersey 
survey.  The  hill  country,  where  the  intersection  method  might 
profitably  have  been  employed,  was  surveyed  before  the  U.  S.  Geo¬ 
logical  Survey  assumed  the  conduct  of  the  work.  In  the  Appala¬ 
chian  region  the  relief  of  the  country  under  survey  ranges  from  the 
high  mountains  of  Virginia  down  to  the  low  plain  near  the  estuary 
of  the  Potomac,  all  being  well  forested.  Accordingly  one  sees  in 
the  work  of  the  various  parties  differing  proportions  of  intersection 
and  traverse  work.  In  Arkansas  and  Missouri,  and  particularly  in 
Kansas,  a  considerable  proportion  of  the  secondary  locations  have 
been  made  by  the  surveys  of  the  General  Land  Office,  which,  being 
properly  utilized,  reduce  the  amount  of  work  necessary  to  be  exe¬ 
cuted  by  the  topographer. 

The  Texas  country  is  rolling  or  broken  with  minor  details,  and 
partially  timbered,  with  few  natural  points  and  comparatively  few 
cultural  features.  New  Mexico  is  mainly  a  broad  desert  plain,  with 
few  features,  either  natural  or  artificial.  The  California  area  con¬ 
sists  of  the  western  slope  of  the  Sierra  Nevada,  a  rugged  mountain 
region,  covered  with  forests,  but  fairly  well  settled.  The  Oregon  re¬ 
gion  is  also  mountainous  and  forested,  but  sparsely  settled.  Party 
No.  1  of  the  Montana  subsection  was  engaged  in  completing  sheets 
upon  the  Great  Plains,  while  No.  2  was  in  a  region  of  high  and  rugged 
mountains. 

These  facts  explain  the  differences  in  the  methods  used,  the  great 
variation  in  the  amounts  of  intersection  and  of  traverse  work,  and  also, 
in  a  measure,  the  differences  in  the  amount  of  control,  as  measured 
by  the  number  of  locations  per  square  inch  of  map  surface;  it  being 
borne  in  mind,  as  explained  in  my  last  report,  that  traverse  loca¬ 
tions  are  for  various  reasons  of  much  less  value  for  control  than  in¬ 
tersection  locations,  not  only  for  horizontal  but  for  vertical  location 
as  well.  The  second  column  of  the  table  contains  the  number  of 
days’  work  of  one  man,  counting  only  those  days  actually  spent  in 
work  by  those  engaged  in  surveying.  The  time  of  rodmen,  ba¬ 
rometer  observers,  and  other  similar  assistants  is  not  counted.  A 
study  of  the  columns  relating  to  traverse  work  shows  great  varia¬ 
tion  in  the  number  of  stations  per  linear  mile  and  of  miles  per  day, 
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the  two  being  to  a  great  extent  complementary,  and  indicating 
rudely  the  relative  straightness  of  the  roads  along  which  most  of  the 
traverses  are  run. 

The  column  of  square  inches  of  map  surveyed  per  day  per  man  is 
interesting,  as  showing  the  average  output  under  varying  condi¬ 
tions  of  country,  of  method,  and  of  scale.  The  output  is  greater 
with  the  larger  scales,  showing  the  effect  of  transportation  in  re¬ 
ducing  the  rate  of  work  upon  the  smaller  scales.  The  close  ap¬ 
proach  to  equality  of  output  of  the  various  parties  of  the  Appala¬ 
chian  section  is  worthy  of  remark.  In  the  Arkansas,  Missouri,  and 
Kansas  areas,  especially  the  last,  the  output  is  increased  greatly  by 
the  assistance  rendered  by  the  locations  of  the  land  surveys. 

SECTION  OF  TOPOGRAPHIC  DRAWING. 

During  the  year  ten  draughtsmen  on  the  average  have  been  in  the 
employ  of  the  Survey,  under  the  direction  of  Mr.  Harry  King,  chief 
draughtsman.  Their  work  has  been  of  a  varied  character,  including 
as  particular  items  the  compilation  of  a  map  of  the  United  States, 
the  compilation  of  a  map  of  New  York,  a  map  of  Alabama,  the 
preparation  of  a  physical  map  of  Massachusetts  in  one  hundred 
feet  contours,  and  the  preparation  of  manuscript  illustrations  of 

various  sorts. 

* 

SECTION  FOR  THE  REPAIR  AND  MANUFACTURE  OF  INSTRUMENTS. 

The  mechanician,  Mr.  Edward  Kiibel,  with  two  assistants,  has 
been  engaged  almost  entirely  throughout  the  year  upon  current 
repairs  and  the  adjustment  of  the  large  number  of  instruments  in 
use  by  the  Survey.  Indeed,  his  time  has  been  so  nearly  taken  up 
with  this  important  work,  that  it  has  been  found  necessary  to  pur¬ 
chase  nearly  all  new  instruments.  He  has  found  time,  however,  to 
make  six  first-class  telescopic  alidades  and  twenty-four  traverse 
plane  tables  with  ruler  alidades. 

ENGRAVING. 

In  my  last  annual  report  it  was  stated  that  contracts  for  engraving 
one  hundred  and  twenty  sheets  of  the  General  Topographic  Atlas 
had  been  executed  with  Julius  Bien  &  Co.,  of  New  York,  and  that 
a  small  edition  of  each  sheet  (250)  had  been  printed.  At  the  present 
date  additional  contracts  have  been  made  with  the  same  firm  for 
engraving  one  hundred  sheets;  and  under  these  contracts  forty-six 
sheets  have  been  engraved,  the  plates  delivered,  and  a  similar  small 
edition  has  been  printed. 

The  following  is  a  list  of  the  sheets  thus  far  engraved,  which 
cover  an  area  of  about  285,000  square  miles: 
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List  of  atlas  sheets  engraved,  July  1,  1888. 


State  or  Territory. 

Name  of  sheet. 

Designation 
of  sheet. 

Area  cov¬ 
ered. 

Scale. 

Contour 

interval 

Lat. 

Long. 

Feet. 

Massachusetts . 

Greylock . 

42  30 

73  00 

A  degree . 

1:62,500 

40 

Boston  Bay . 

42  15 

70  45 

_ do . 

1:  62,500 

20 

Boston .  . .  . 

42  15 

71  00 

—  do . 

1:62, 500 

20 

Worcester  . 

42  15 

71  45 

_ do . 

1:62,500 

20 

Northampton  . . . . 

42  15 

72  30 

_ do . 

1:62,500 

20 

Duxbury . 

42  00 

70  30 

—  do . 

1:  62,500 

20 

Massachusetts  and  Rhode  Island  . . 

Fall  River  . 

41  30 

71  00 

_ do . 

1:62,500 

20 

New  Jersey . 

Franklin . 

41  00 

74  30 

....  do  . . 

1:  62,500 

20 

Paterson . 

40  45 

74  00 

....  do  ... 

1:  62,500 

20 

Morristown . 

40  45 

74  15 

_ do  . . 

1:  62,500 

20 

Lake  Hopatcong  . 

40  45 

74  30 

_ do . 

1:62,500 

20 

Hackettstown  .... 

40  45 

74  45 

_ do . 

1:62,500 

20 

Plainfield . 

40  30 

74  15 

...  .do . 

1 : 62, 500 

20 

Sandy  Hook . 

40  15 

74  00 

....  do . 

1 : 62, 500 

10 

New  Brunswick. . . 

40  15 

74  15 

—  do . 

1:62,500 

10 

Princeton . 

40  15 

74  30 

...  do . 

1:  62, 500 

10 

Asbury  Park . 

40  00 

74  00 

—  do . 

1:62,500 

10 

Cassville . 

40  00 

74  15 

....  do . 

1 : 62, 500 

10 

Bordentown .... 

40  00 

74  30 

....  do . 

1:  62, 500 

10 

Barnegat . 

39  45 

74  00 

_ do . 

1:  62,500 

10 

Whitings  ......... 

39  45 

...  do . 

1:62. 500 

10 

Pemberton . 

39  45 

74  30 

....  do . 

1:62, 500 

10 

Mount  Holly . 

39  45 

74  45 

_ do . 

1:  62, 500 

10 

Long  Beach . 

39  30 

74  00 

_ do . 

1:  62,500 

10 

Little  Egg  Harbor 

39  30 

74  15 

...  do . 

1:62, 500 

10 

Atlantic  City . 

39  15 

74  15 

—  do . 

1:62, 500 

10 

Sea  Isle . 

39  00 

74  30 

_ do . 

1 ;  62, 500 

10 

Dennisville . 

39  00 

74  45 

....  do . 

1:  62,500 

10 

Cape  May . 

38  45 

74  45 

—  do  . .  . . 

1:62, 500 

10 

Maryland,  District  of  Columbia, 

East  Washington. 

38  45 

76  45 

—  do . 

1:62,500 

20 

and  Virginia. 

West  Washington. 

38  45 

77  00 

—  do . 

1:62,500 

20 

West  Virginia . 

39  00 

79  30 

1: 125,000 

100 

Raleigh . . 

37  30 

81  00 

_ do . 

1:  125,000 

100 

Oceana . 

37  30 

81  30 

. .  .do . 

1: 125,000 

100 

Maryland,  Virginia,  and  West  Vir- 

Romney . 

39  00 

78  30 

...  do _ 

1:  125,000 

100 

ginia. 

Maryland  and  West  Virginia . 

Piedmont . 

39  00 

79  00 

_ do . 

1: 125,000 

100 

West  Virginia  and  Virginia . 

39  00 

78  00 

...  do . 

1: 125,000 

100 

Pocahontas . . . 

37  00 

81  00 

....  do . 

1 :  125, 000 

100 

Tazewell . 

37  00 

81  30 

—  do  .  . . 

1:  125,000 

100 

West  Virginia,  Virginia,  and  Ken- 

Warfield _ 

37  30 

82  00 

—  do . 

1: 125,000 

100 

tucky. 

Kentucky  . 

37  30 

82  30 

. .  .do 

1:  125,000 

100 

Virginia  and  Kentucky . 

Whitesburgh .... 

37  00 

82  30 

...  do . 

1: 125,000 

100 

Grundy . 

37  00 

82  00 

. . .  .do . 

1: 125,000 

100 

Kentucky, Virginia,  and  Tennessee. 

JonesviUe . 

36  30 

83  00 

....  do . 

1: 125,000 

100 

Cumberland  Gap. 

36  30 

83  30 

—  do  .  ... 

1:125,000 

100 

Estillville . 

36  30 

82  30 

. . .  .do . 

1: 125,000 

100 

Virginia  and  Tennessee . 

Bristol . 

36  30 

82  00 

....  do . 

1 :  125, 000 

100 

Virginia,  Tennessee,  and  North 

Abingdon . 

36  30 

81  30 

_ do . 

1:125,000 

10C 

Carolina. 

North  Carolina . 

Cowee . 

35  00 

83  00 

—  do . 

1: 125,000 

100 
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List  of  atlas  sheets  engraved,  July  1,  1886— Continued. 


State  or  Territory. 

Name  of  sheet. 

Designation 
of  sheet. 

Area  cov¬ 
ered. 

Scale. 

Contour 

interval. 

Lat. 

Long. 

Feet. 

North  Carolina  and  Tennessee. . . . 

Roan  Mountain . . . 

36  00 

82  00 

i  degree. 

1: 125,000 

100 

Greeneville . 

36  00 

82  30 

—  do . 

1: 125,000 

100 

Asheville . 

35  30 

82  30 

—  do . 

1: 125,000 

100 

Mount  Guyot . 

35  30 

83  00 

—  do . 

1:125,000 

100 

Knoxville . 

35  30 

83  30 

—  do _ 

1: 125,000 

100 

Nantahalah  . 

35  00 

83  30 

—  do _ 

1: 125,000 

100 

Murphy . 

35  00 

84  00 

—  do . 

1: 125,000 

100 

Tennessee . 

Morristown . 

36  00 

83  00 

—  do . 

1: 125,000 

100 

Maynardville . 

36  00 

83  30 

—  do . 

1: 125,000 

100 

Loudon . . 

35  30 

84  00 

1  •  125  OOO 

100 

Kingston . 

35  30 

84  30 

i  •  i  as  ooo 

inn 

Cleveland  . 

35  00 

84  30 

1  •  125  000 

ioo 

South  Carolina  and  Georgia . 

WalhaUa . 

34  30 

83  00 

1*125  000 

mo 

Georgia . 

Dahlonega . 

34  30 

83  30 

1  •  1 25  OOO 

100 

Georgia  and  Alabama . 

Ringgold . 

34  30 

85  00 

1  *  125  000 

loo 

Rome . 

34  00 

85  00 

—  do  _ 

1:125,000 

100 

Stevenson  . 

34  30 

85  30 

1 : 125  000 

100 

Alabama . 

Fort  Payne . 

34  00 

85  30 

1 • 125  000 

loo 

Scottsborough .... 

34  30 

86  00 

—  do . 

1: 125,000 

100 

Huntsville . 

34  30 

86  30 

- do  . 

1: 125,000 

100 

Missouri . 

Boonville . 

38  30 

92  30 

1  •  1 25  000 

50 

Versailles . 

38  00 

92  30 

1: 125  000 

50 

Jefferson  City.... 

38  30 

92  00 

—  do . 

1:125,000 

50 

Tuscumbia . 

38  00 

92  00 

1 : 125  000 

50 

Sedalia . 

38  30 

93  00 

1 : 125  000 

50 

W  arrensburgh _ 

38  30 

93  30 

—  do . 

1: 125,000 

50 

Harrisonville . 

38  30 

94  00 

—  do . 

1:125,000 

50 

Warsaw . 

38  00 

93  00 

1*125  000 

50 

Clinton . 

38  00 

93  30 

1 :  125  000 

50 

Butler . 

38  00 

94  00 

—  do . 

1:  125,000 

50 

Bolivar . 

37  30 

93  00 

1:125, 000 

50 

Stockton . 

37  30 

93  30 

1: 125  000 

50 

Nevada . 

37  30 

94  00 

•  •  •  •  do 

1:125  000 

50 

Springfield .  _ 

37  00 

93  00 

—  do . 

1:125,000 

50 

Greenfield . 

37  00 

93  30 

—  do . 

1: 125,000 

50 

Carthage . 

37  00 

94  00 

—  do . 

1: 125,000 

50 

Missouri  and  Kansas. . .  . 

Olathe . 

38  30 

94  30 

1: 125,000 

50 

Mound  City . 

38  00 

94  30 

•  •  •  do  ... 

1 : 125, 000 

50 

Fort  Scott . 

37  30 

94  30 

....  do . 

1 : 125, 000 

50 

Joplin . 

37  00 

94  30 

—  do . 

1 : 125, 000 

50 

Kansas  . 

Ida. . . 

37  30 

95  00 

. . . . do  . . 

1 : 12" ,  000 

50 

Fredonia . 

37  30 

95  30 

...  do . 

1 : 125, 000 

50 

Independence . 

37  00 

95  30 

—  do . 

1: 125,000 

50 

Parsons . 

37  00 

95  00 

—  do _ 

1: 125,000 

50 

Oskaloosa . 

39  00 

95  00 

. ...  do . 

1:  125,000 

50 

Emporia . 

38  00 

96  00 

. ...  do . 

1: 125,000 

50 

Garnett . 

38  00 

95  00 

. ...  do . 

1:125,000 

50 

Eureka  . . 

37  30 

96  00 

...  do . 

1: 125,000 

50 

El  Dorado . 

37  30 

96  30 

_ do . 

1: 125,000 

50 

39  30 

95  30 

_ do . 

1: 125,000 

50 

Texas . 

31  00 

98  30 

...  do . 

1: 125,000 

50 

Lampasas . 

31  00 

98  00 

. .  do . 

1:  125,000 

50 
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List  of  atlas  sheets  engraved,  July  1,  1886— Continued. 


State  or  Territory. 

Name  of  sheet. 

Designation 
of  sheet. 

Area  cov¬ 
ered. 

Scale. 

Contour 

interval. 

Lat. 

Long. 

Feet. 

Tfixas .  . 

Taylor . . 

30  30 

"97  00 

|  degree. 

1: 125,000 

50 

Georgetown . 

30  30 

97  30 

....  do . 

1: 125,000 

50 

Burnet . 

30  30 

98  00 

_ do . 

1: 125,000 

50 

Llano . 

30  30 

98  30 

—  do  ... . 

1:125,000 

50 

Mason . 

30  30 

99  00 

—  do _ 

1: 125,000 

50 

Bastrop . 

30  00 

97  00 

—  do . 

1: 125,000 

50 

Austin . 

30  00 

97  30 

. . .do . 

1: 125  000 

50 

Blanco . 

30  00 

98  00 

....  do . 

1: 125,000 

50 

Fredericksburgh  . 

30  00 

98  30 

—  do . 

1: 125,000 

50 

Kerrville . 

30  00 

99  00 

....  do . 

1: 125,000 

50 

Yellowstone  National  Park  and 

Gallatin . 

44  30 

110  30 

—  do . 

1: 125,000 

100 

Wyoming. 

Canon  . 

44  30 

110  00 

....  do  .... 

1 : 125, 000 

100 

Shoshone . 

44  00 

110  30 

....  do . 

1: 125,000 

100 

Lake . 

44  00 

110  00 

_ do . 

1: 125,000 

100 

California . 

Marysville . 

39  00 

121  30 

do . 

1 : 125, 000 

100 

Nevada  City . 

39  00 

121  00 

_ do . 

.1 : 125, 000 

100 

Alturas . 

41  00 

120  00 

Degree. 

1:250,000 

200 

Modoc  Lava  Bed . . 

41  00 

121  00 

_ do . 

1 : 250, 000 

200 

Shasta . 

41  00 

122  00 

....  do . 

1:  250  000 

200 

Red  Bluff . 

40  00 

122  00 

_ do . 

1 : 250, 000 

'&00 

Lassen  Peak . 

40  00 

121  00 

....  do . 

1:250,000 

200 

Honey  Lake . 

40  00 

120  00 

_ do . 

1:250.000 

200 

Montana . 

Great  Falls . 

47  00 

111  00 

_ do . 

1:250,000 

200 

Fort  Logan . 

46  00 

111  00 

....  do . 

1:250  000 

200 

Little  Belt  Mount . 

46  00 

110  00 

—  do . 

1:250,000 

200 

Three  Forks . 

45  00 

111  00 

....  do . 

1 : 250, 000 

200 

Nevada  . . 

Paradise . 

41  00 

117  00 

_ do . 

1 : 250, 000 

200 

Disaster . . _ . 

41  00 

118  00 

. . .  .do . 

1 : 250, 000 

200 

Long  Valley  . 

41  00 

119  00 

_ do . 

1:250,000 

200 

Granite  Range  . . . 

40  00 

119  00 

...  do . 

1:250,000 

200 

Utah  . 

Tooele  Valley.... 

40  00 

112  00 

_ do . 

1:  250  000 

250 

Salt  Lake . 

40  00 

111  00 

_ do . 

1:250,000 

250 

Uinta . 

40  00 

110  00 

—  do . 

1:250,000 

250 

Ashley . 

40  00 

109  00 

....  do . 

1:250,000 

250 

Sevier  Desert . 

39  00 

112  00 

...  do . 

1:250,000 

250 

Manti . 

39  00 

111  00 

_ do . 

1 : 250, 000 

250 

Trice  River . 

39  00 

110  00 

_ do . 

1:  250,000 

250 

East  Tavaputs .... 

39  00 

109  00 

—  do . 

1:250, 000 

250 

Beaver . 

38  00 

112  00 

_ do . 

1:250,000 

250 

Fish  Lake . 

38  00 

111  00 

_ do . 

1:  250,000 

250 

San  Rafael . 

38  00 

110  00 

_ do . 

1:250,000 

250 

Sierra  La  Sal . 

38  00 

109  00 

_ do . 

1:250,000 

250 

St.  George . 

37  00 

113  00 

...  .do . 

1:250,000 

250 

Kanab . 

37  00 

112  00 

_ do . 

1:250, 000 

250 

Escalante . 

37  00 

111  00 

. . . do . 

1:250, 000 

250 

Henry  Mountain.. 

37  00 

110  00 

_ do . 

1:250,000 

250 

Abajo . 

37  00 

109  00 

, .  do  . 

1 : 250, 000 

250 

New  Mexico  . 

Mount  Taylor .... 

35  00 

107  00 

1:  250,000 

200 

W  ingate . 

35  00 

108  00 

. . . do  . . 

1:  250,000 

200 

Utah  and  Nevada . 

Pioche . 

37  00 

114  00 

1:250  000 

250 

Arizona  and  Nevada . 

St.  Thomas. . . . 

36  00 

114  00 

1 : 250  000 

250 

Arizona,  Nevada,  and  California  . . . 

Camp  Mojave... 

35  00 

114  00 

_ do . 

1:250,000 

250 
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List  of  atlas  sheets  engraved,  July  1,  1888 — Continued. 


State  or  Territory. 

■ 

Name  of  sheet. 

Designation 
of  sheet. 

Area  cov¬ 
ered. 

Scale. 

Contour 

interval. 

Lat. 

Long. 

O  / 

O  / 

Feet. 

Arizona . 

Mount  Trumbull . . 

36  00 

113  00 

Degree  . . . 

1:250,000 

250 

Kaibab . 

36  00 

112  00 

—  do . 

1:250,000 

250 

Echo  Cliffs . 

36  00 

111  00 

—  do . 

1:250,000 

250 

Marsh  Pass . 

30  00 

110  00 

...  do  .  ... 

1 : 250, 000 

200 

Diamond  Creek. . . 

35  00 

113  00 

—  do  . . .  . 

1:250,000 

250 

Chino . 

35  00 

112  00 

....  do  .... 

1:250  000 

250 

San  Francisco 

35  00 

111  00 

—  do . 

1:250,000 

250 

Mountain. 

Tusayan . 

35  00 

110  00 

_ do . 

1 : 250, 000 

200 

Prescott . 

34  00 

112  00 

_ do _ 

1:250,000 

200 

Verde . 

34  00 

111  00 

....  do . 

1 : 250, 000 

200 

Holbrook . 

34  00 

110  00 

....  do . 

1 : 250, 000 

200 

Arizona  and  New  Mexico . 

Canon  de  Chelly. . 

36  00 

109  00 

_ do . 

1:250,000 

200 

Fort  Defiance .... 

35  00 

109  00 

_ do . 

1:250,000 

200 

St.  Johns . 

34  00 

109  00 

_ do . 

1:250,000 

200 

There  are  in  the  office  ready  for  the  engraver  one  hundred  and 
forty-one  sheets,  including  those  now  under  contract,  but  not  yet  en¬ 
graved.  These  sheets  cover  an  area  of  108,000  square  miles.  Fifty- 
four  of  these  sheets  are  under  contract  for  engraving.  The  remain¬ 
ing  eighty-seven  await  contract.  These  one  hundred  and  forty-one 
sheets  are  distributed  as  follows: 


New  Jersey .  12 

Massachusetts .  48 

Maryland .  1 

Appalachian  region .  86 

Wisconsin . 2 

Missouri .  10 

Kansas .  15 


Arkansas .  4 

Texas  .  8 

Colorado . : .  2 

New  Mexico .  2 

California .  2 

Oregon .  1 

Montana .  3 


I  have  the  honor  to  transmit  herewith  the  report  of  Mr.  R.  S. 
Woodward,  geographer,  in  charge  of  the  astronomic  and  computing 
section. 

Very  respectfully  submitted' 

Henky  Gannett, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey  Washington,  D.  C. 
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Report  of  Mr.  R.  S.  Woodward  to  Chief  of  Division  of  Geography. 

Sir:  In  comxdiance  with  the  instructions  of  the  Director  of  the 
Survey,  I  have  the  honor  to  submit  the  following  report  on  work 
clone  during  the  year  ending  June  30,  1888  : 

The  work  done  for  your  division  during  the  year  may  be  briefly 
designated  under  three  heads,  namely:  (a)  That  involved  in  numeri¬ 
cal  computations;  (6)  That  involved  in  the  collection,  collation,  and 
arrangement  of  geographical  positions  for  ready  reference;  and  (c) 
That  involved  in  assistance  rendered  to  the  geographers  and  topog¬ 
raphers  of  the  Survey  in  the  technical  details  of  their  work. 

(a)  Of  the  numerous  computations  made  it  will  suffice  to  mention 
some  of  the  more  important. 

During  the  month  of  July,  1887,  the  net  results  of  the  secondary 
system  of  triangulation  in  Massachusetts,  measured  by  Mr.  R.  U. 
Goode  during  May  and  June  of  that  year,  were  computed.  This 
work  embraced  a  complete  reduction  from  the  field  notes,  an  approx¬ 
imate  adjustment  of  the  triangles,  and  the  derivation  of  the  latitudes 
and  longitudes  of  the  sixteen  points  of  the  system. 

Two  numerical  tables  for  determining  altitudes  from  telemeter 
measures  were  computed  and  printed  for  the  use  of  topographers  in 
the  field. 

In  order  to  meet  the  frequent  requests  of  geographers  and  topog¬ 
raphers  for  information  relative  to  the  determination  of  azimuth, 
certain  practical  memoranda  were  prepared  for  their  use;  and  tables 
giving  the  local  mean  times  of  culmination  and  elongation  and  the 
azimuths  at  elongation  of  Polaris,  for  intervals  of  a  degree  in  latitude 
between  30°  and  45°  and  for  the  field  season,  were  computed.  Such 
tables  will  be  kept  available  hereafter  in  manuscript,  so  that  the 
data  for  any  special  locality  can  be  speedily  supplied. 

The  desirability  of  publishing  our  tables  of  co-ordinates  for  map 
projections,  now  in  manuscript,  was  made  apparent  by  their  constant 
use  during  the  year.  At  your  suggestion,  therefore,  they  were  re¬ 
vised  and  enlarged,  and  are  now  nearly  ready  for  the  press.  With 
the  accompanying  explanatory  text,  they  will  embrace  about  one 
hundred  octavo  pages. 

(b)  Attention  was  constantly  paid  to  keeping  the  list  of  geo¬ 
graphical  positions  of  points  within  the  United  States  as  complete  as 
possible  and  always  available  for  use.  Upwards  of  three  thousand 
new  positions  were  added  to  the  list  during  the  year.  These  were 
obtained  chiefly  from  the  reports  of  the  U.  S.  Coast  and  Geodetic 
Survey  and  the  New  York  State  survey.  The  list  now  embraces 
over  ten  thousand  entries. 

(c)  A  considerable  portion  of  my  time,  especially  during  the  winter 
season,  is  now  occupied  either  in  consultation  with  members  of  the 
division  concerning  the  methods  and  formulas  most  advantageous 
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for  computations,  tlie  mathematical  theory  of  instruments,  observa¬ 
tions,  etc  ,  or  in  supplying  them  with  data  for  their  work.  To  meet 
this  demand  for  information,  such  collections  of  technical  works, 
notes,  and  investigations  as  I  have  made  previous  to  and  during  my 
connection  with  the  Survey  are  kept  at  the  office,  accessible  to  any 
member  of  the  Survey. 

I  was  assisted  continuously  during  the  year  by  Mr.  B.  C.  Wash¬ 
ington,  jr. ,  who  made  the  greater  portion  of  the  current  computa¬ 
tions  and  discharged  all  the  clerical  duties  in  my  work. 

During  the  months  of  May  and  June  Mr.  S.  S.  Gannett  was 
assigned  to  my  assistance.  He  made  the  bulk  of  the  computations 
required  in  the  revision  and  extension  of  the  tables  of  co-ordinates 
for  map  projections  mentioned  under  a,  above. 

Very  respectfully,  your  obedient  servant, 

R.  S.  Woodward, 

Geographer. 

Mr.  Henry  Gannett, 

Geologist  in  Charge  of  Geography. 


REPORT  OF  MR.  R.  S.  WOODWARD. 

Mathematical  Division, 

Washington,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  concerning 
investigations  of  geological  problems  made  by  me  during  the  year 
ending  June  30,  1888: 

As  stated  in  my  report  for  the  year  ending  June  30,  1887,  much  of 
the  work  assigned  to  me  is  directly  contributory  to  the  work  of  the 
Division  of  Geography.  For  an.  account  of  work  done  for  this  di¬ 
vision  during  the  present  year  reference  may  be  made  here  to  the 
report  of  Mr.  H.  Gannett,  geologist  in  charge  of  geography. 

Many  of  the  questions  involving  mathematical  or  physical  con¬ 
siderations  referred  to  me  during  the  year  were  such  as  required 
only  temporary  examination  or  brief  applications  of  principles 
already  established.  Although  the  aggregate  amount  of  work  done 
on  these  questions  was  not  inconsiderable,  it  will  suffice  here  to 
mention  those  only  on  which  formal  papers  were  prepared.  At  the 
request  of  Mr.  G.  K.  Gilbert,  two  brief  appendices  to  his  memoir  on 
Lake  Bonneville  were  written.  The  first  of  these  refers  to  the  form 
and  position  of  equipotential  or  level  surfaces  in  a  lake  basin,  and  is 
based  on  my  investigations  given  in  Bulletin  48  of  the  Survey  pub¬ 
lications.  The  second  paper  deals  with  the  volumetric  expansion  of 
the  earth’s  crust,  due  to  the  diffusion  of  heat  by  conduction  from 
the  surface  downward,  and  depends  on  the  researches  concerning 
the  laws  and  effects  of  terrestrial  heat  mentioned  below. 
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Of  the  questions  requiring  more  elaborate  treatment  which  were 
under  investigation  during  the  year  the  following  three  occupied 
my  attention,  chiefly  in  such  intervals  of  time  as  were  available, 
namely:  (a)  The  laws  of  diffusion  of  heat  by  conduction  in  homo¬ 
geneous  spherical  masses  and  the  resulting  mechanical  effects;  ( b ) 
The  laws  of  diffusion  of  heat  by  conduction  in  homogeneous  rectan¬ 
gular  masses  of  any  dimensions;  (c)  The  possible  laws  of  arrange¬ 
ment  of  density  in  the  earth’s  mass  under  the  assumption  that  the 
density  increases  continually  from  the  surface  towards  the  center. 

(a)  The  problem  of  a  cooling  sphere  is  not  new.  It  was  very  thor¬ 
oughly  discussed  in  its  purely  mathematical  features  by  Fourier  and 
Poisson,  the  pioneers  in  the  theory  of  heat,  and  has  been  much 
studied  by  mathematicians  of  later  date.  Able  and  elaborate  as 
their  work  is,  however,  it  is  not  well  adapted  to  the  needs  of  prac¬ 
tical  applications;  it  does  not  enable  one  to  trace  readily  and  accu¬ 
rately  all  the  phenomena  of  cooling  throughout  their  entire  history. 
My  investigations  of  this  problem  were  necessarily  made  partly  with  a 
view  to  supplying  the  defect  just  named.  As  a  result  two  papers 
were  published,  by  your  permission,  during  the  year.1  These  deal 
chiefly  with  purely  technical  considerations,  and  an  account  of  their 
contents  would  be  out  of  place  here.  It  will  suffice  to  state  that 
they  furnish  a  satisfactory  basis  for  the  study  of  the  phenomena 
attending  the  secular  cooling  of  the  earth. 

In  the  study  just  mentioned  considerable  progress  was  made 
during  the  year,  and  a  paper  comprising  the  results  attained  is  now 
nearly  ready  for  publication.  A  brief  summary  of  the  contents  of 
this  paper  is  the  following: 

The  data  necessary  for  calculation  of  the  secular  cooling  of  the 
earth;  the  age  of  the  earth,  derivable  from  those  data;  the  distribu¬ 
tion  of  the  isogeotherms;  the  rate  of  increase  of  under-ground  tem¬ 
perature  and  its  variation  with  the  time;  the  radial  and  cubical  con¬ 
traction;  the  rational  theory  of  crumpling  in  the  crust;  the  stratum 
of  no  strain;  the  volumetric  amount  of  crumpling  and  its  depend¬ 
ence  on  the  initial  temperature  and  elapsed  time. 

( b )  The  consideration  of  many  physical  questions  requires  an 
intimate  knowledge  of  the  laws  of  diffusion  of  heat  in  rectangular 
masses;  and  since  the  publication  of  the  above-named  papers  on  a 
cooling  sphere  I  have  received  a  number  of  requests  for  a  similar 
practical  treatment  of  a  cooling  bar  or  rectangular  mass.  My  studies 
of  this  subject,  from  the  experimental  as  well  as  the  theoretical  side, 
began  fifteen  years  ago,  when  engaged  in  comparing  standards  of 
length  on  the  U.  S.  Lake  Survey.  Recently  I  have  revised  and  ex¬ 
tended  my  theoretical  investigations,  and  have  now  ready  for  pub- 

1  On  the  Free  Cooling  of  a  Homogeneous  Sphere;  Annals  of  Mathematics,  vol. 
3,  No.  3,  pp.  75-88.  On  the  Conditioned  Cooling  and  Cubical  Contraction  of  a  Ho¬ 
mogenous  Sphere;  Annals  of  Mathematics,  vol.  3,  No.  5,  pp.  129-144. 
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lication  a  paper  embodying  the  practical  results.  It  is  believed  that 
these  will  be  useful  in  enabling  us  to  determine  the  thermal  conduc¬ 
tivities  of  rocks,  either  from  such  experiments  as  have  been  made  or 
from  such  as  may  be  easily  devised. 

(c)  One  of  the  most  interesting  and  obscure  questions  of  geophysics 
is  the  law  of  arrangement  of  density  within  the  earth’s  crust.  If 
we  assume  that  the  density  increases  continuously  from  the  surface 
downwards,  the  law  of  increase  is  subject  to  certain  rather  narrow 
limitations,  dependent  on  the  known  properties  of  the  earth,  namely, 
its  surface  shape,  its  surface  density,  its  mean  density,  and  its  con¬ 
stant  of  precession.  I  have  begun  an  investigation  whose  object  is 
to  determine  what  those  limitations  are,  and  it, is  expected  that  the 
work  will  be  completed  during  the  coming  year. 

Very  respectfully,  your  obedient  servant, 

R.  S.  Woodward, 

Geographer  in  C  harge. 

Hon.  J.  W.  Powell. 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF,  N.  S.  SHALER. 

Atlantic  Coast  Division, 

Cambridge,  Mass.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  administrative 
report  concerning  the  operations  of  the  Survey  under  my  charge 
during  the  fiscal  year  ending  June  30,  1888: 

The  month  of  July  was  devoted  to  the  task  of  completing  certain 
details  of  the  work  on  the  island  of  Mount  Desert,  Maine,  a  memoir 
on  which  formed  a  part  of  the  Eighth  Annual  Report  of  the  Director. 

I  then  spent  some  time  in  searching  for  evidence  of  elevated  sea 
margins  in  Massachusetts  and  eastern  New  York,  similar  to  those 
described  in  the  above-named  memoir,  selecting  first  for  these  studies 
the  peak  of  Wachusett,  in  Worcester  County,  Mass.  I  examined  the 
slopes  of  this  mountain  for  evidences  of  wave  action.  At  heights 
of  from  1,500  to  2,000  feet  on  the  eastern,  southern,  and  western  ver- 
sants  of  the  mountains  the  cliffs  exhibit  some  indications  of  what 
may  prove  on  further  study  to  be  marine  erosion. 

From  Wachusett  I  proceeded  to  the  Catskill  district  in  New  Y  ork, 
and  made  a  reconnaissance  of  the  eastern  face  of  those  elevations 
for  a  distance  of  about  twenty  miles  south  of  the  town  of  Palen- 
ville.  On  this  escarpment  I  found  at  several  points,  at  a  height  of 
from  2,000  to  2,300  feet  above  the  sea,  phenomena  which  I  can  not  at 
present  explain  save  by  the  hypothesis  that  the  ocean  waves  acted 
against  the  face  of  the  cliff  since  the  close  of  the  glacial  period. 
At  about  2,200  feet  above  the  sea  there  are  some  cavities  having  the 
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general  form  of  marine  caves  which  are  evidently  not  due  to  the 
ordinary  decay  of  the  rock.  At  heights  of  from  1,600  to  2,000  feet 
there  are  accumulations  of  shingly  material  apparently  worn  and 
arranged  in  a  stratified  manner  by  wave  action. 

In  August  and  September  I  made  an  extended  journey  through  the 
swamp  districts  of  Michigan,  Wisconsin,  Minnesota,  and  Dakota. 
The  substantial  results  of  this  journey  were  to  afford  a  basis  for  the 
classification  of  the  swamps  in  the  Northwest  and  a  foundation  on 
which  to  rest  an  approximate  estimate  as  to  the  total  area.  It  ap¬ 
pears  that  the  inundated  lands  of  this  region  cover  a  surface  of  at 
least  20,000  square  miles  ;  that  these  lands  are  in  the  main  drainable 
without  excessive  cost;  and  furthermore,  as  is  shown  by  some  small 
experiments  in  winning  such  lands  to  agriculture,  that  the  soils 
which  they  yield  are  of  excellent  quality. 

My  time  for  the  remainder  of  the  autumn  was  devoted  to  certain 
studies  in  eastern  Massachusetts  and  Rhode  Island.  With  the  help 
of  Mr.  R.  S.  Tarr, 'field  assistant,  I  had  begun  in  June  of  the  pre¬ 
ceding  fiscal  year  a  study  of  the  island  of  Cape  Ann  and  the  adja¬ 
cent  portions  of  the  main-land  of  Massachusetts.  The  aim  of  the 
inquiry  was  in  the  main  to  ascertain  the  geological  conditions  of 
the  hornblendic  granite  of  that  district,  together  with  the  circum¬ 
stances  connected  with  the  dikes  which  are  extensively  intruded  in 
the  mass  of  that  rock.  The  region  affords  peculiar  advantages  for 
the  study  of  the  phenomena  of  jointing  and  rifting,  questions  which 
are  of  great  interest  to  quarrymen.  The  results  of  this  inquiry  are 
presented  in  a  memoir  published  in  this  volume. 

With  the  help  of  Mr.  August  F.  Foerste,  field  assistant,  I  have 
worked  up  the  details  of  my  discoveries  of  certain  fossiliferous 
localities  in  the  Middle  Cambrian  slates  of  North  Attleborough, 
Mass.  Twenty-three  species  of  fossils  have  already  been  obtained 
from  these  beds,  and  identified,  described,  and  figured. 

As  is  noted  in  my  memoir  “On  the  Geology  of  Martha’s  Vine¬ 
yard,”  in  the  Seventh  Annual  Report  of  the  Director,  I  found  on 
that  island  an  interesting  locality  of  apparently  Cretaceous  fossils. 
With  the  assistance  of  Mr.  Foerste  I  made  a  collection  of  the  fossils 
from  this  point.  The  result  has  been  to  establish  the  existence  of 
lower  Cretaceous  rocks  in  this  field. 

With  the  aid  of  Messrs.  T.  W.  Harris,  W.  Beals,  and  G.  T.  Quinby, 
volunteer  assistants  in  the  Survey,  I  have  been  able  to  continue  the 
inquiries  on  the  Narragansett  Basin.  It  appears  that  rocks  appar¬ 
ently  of  Carboniferous  age,  situated  between  Point  Judith  and  Prov¬ 
idence,  R.  I. ,  representing  a  thickness  of  section  of  some  thousands 
of  feet,  have  undergone  much  metamorphism.  Elsewhere  in  the 
Narragansett  field  these  Carboniferous  deposits  have  been  very 
slightly  altered  since  the  time  of  their  formation. 

On  the  26th  of  December,  1887,  I  started  on  an  expedition  to  Flor- 
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ida.  I  was  engaged  in  this  journey  until  the  5tli  of  February  of  the 
present  year.  I  was  accompanied  by  Messrs.  W.  Beals  and  G.  T. 
Quinby,  volunteer  aids.  My  first  object  was  to  review  the  conclu¬ 
sions  I  had  come  to,  along  with  Dr.  R.  A.  F.  Penrose,  jr.,  concerning 
the  history  of  the  South  Carolina  phosphates,  which  are  set  forth  in 
the  report  on  phosphate  deposits  in  Bulletin  No.  46  of  the  Survey, 
now  in  press.  From  the  neighborhood  of  Charleston  I  went  to  St. 
Augustine,  in  order  to  obtain  the  materials  secured  in  boring  a  well 
to  the  depth  of  1,300  feet  at  that  point.  Through  the  kindness  of 
Mr.  Flagler,  the  owner,  and  of  Mr.  Kennish,  the  engineer  of  the 
Ponce  de  Leop  Hotel,  I  had  the  good  fortune  to  secure  the  material 
for  the  collections  of  the  Survey. 

From  St.  Augustine  I  proceeded  to  the  lake  district  of  Florida 
in  order  to  determine  the  origin  of  the  singular  topography  in  that 
region.  It  appears  probable  that  the  sharp  undulations  of  the  sandy 
deposits  in  the  lake  district  of  Florida  are  due  to  the  recent  move¬ 
ment  of  marine  currents  over  this  part  of  the  peninsula. 

From  the  lake  district  I  went  by  way  of  Tampa  to  Key  West. 
From  that  island  I  made  my  way  by  sail-boat  and  on  foot  up  the 
eastern  coast  of  Florida  to  Titusville,  near  the  head  of  Indian  River, 
a  distance  of  about  360  miles.  From  Key  West  to  Virginia  Key  the 
route  was  devious  in  its  course,  as  the  object  was  to  examine  the 
interior  and  exterior  portions  of  the  Key  district.  From.  Virginia 
Key  to  Lake  Worth  the  journey  proved  one  of  great  difficulty,  on 
account  of  the  low  stage  of  water  during  the  dry  season,  which 
made  it  impossible  to  traverse  the  lagoons  in  a  boat.  After  several 
efforts  to  cruise  northward  along  the  shore  our  boat  was  capsized  in 
the  night  time  at  a  considerable  distance  from  shore  and  it  was  with 
some  difficulty  that  our  party  recovered  the  land.  From  Lauderdale 
Government  House  of  Refuge  for  Mariners  to  Lake  Worth  we  were 
compelled  to  make  our  way  on  foot  over  the  beach.  From  that 
point  to  Titusville  the  journey  was  made  in  the  lagoons  known  as 
Jupiter  River,  St.  Lucie  Sound,  and  Indian  River. 

Approximate  proofs  of  two  distinct  periods  of  elevation  and  sub¬ 
sidence  which  have  affected  the  peninsula  were  obtained.  It  appears 
from  my  inquiries  that  the  swamp  region  of  the  Everglades,  includ¬ 
ing  the  greater  part  of  Monroe  and  Dade  Counties,  owes  its  existence 
to  the  growth  of  the  mangrove  swamps,  which  bar  the  land  waters 
from  the  sea,  and  in  part  to  the  existence  of  an  old  coral  reef,  now 
elevated  to  a  height  of  about  twenty  feet  above  high  tide,  which 
forms  a  barrier  extending  from  near  Lake  Worth  to  a  point  about 
thirty  miles  northeast  of  Cape  Sable. 

Traversing  this  reef  from  Cocoanut  Grove  Bay  to  the  margin  of 
the  Everglades  I  found  that,  as  determined  by  two  Casella barometers 
with  duplicate  observations,  in  the  time  of  lowest  waters  in  the 
Everglades,  the  surface  of  the  morass  is  sixteen  feet  above  the  sur- 
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face  of  high-tide  mark,  the  distance  between  the  two  points  being 
more,  than  three  miles.  It  thus  appears  probable  that  the  drainage 
of  this  area  may  best  be  accomplished  by  canals  cut  through  the 
reef. 

It  appears  that  the  swamp  districts  of  Florida,  containing  an  area 
of  not  far  from  25,000  square  miles,  are  generally  of  a  drainable 
nature  and  that  they  will  yield  land  valuable  for  agriculture. 

Since  the  opening  of  the  field  season  of  1888  with  the  help  of  my 
temporary  field  assistant,  Mr.  George  E.  Ladd.  I  have  begun  work  on 
the  great  section  of  stratified  though  highly  metamorphosed  rocks 
lying  to  the  west  and  geologically  below  the  Cambrian  of  Attlebor¬ 
ough.  Although  this  field  presents  great  difficulties,  we  have  so  far 
succeeded  in  effecting  a  preliminary  division  of  the  beds  into  two  series 
of  schists  and  an  intermediate  division  of  limestones.  The  latter 
group  of  rocks  are  white  crystalline  deposits,  having  a  total  thick¬ 
ness  of  about  a  hundred  feet,  and  closely  resembling  in  their  general 
nature,  as  well  as  in  the  nature  of  their  surroundings,  the  limestones 
which  occur  in  Bolton,  Stowe,  and  Chelmsford,  Mass. ,  and  at  Rock¬ 
land,  Me. 

Dr.  Alfred  Church  Lane,  by  recent  appointment  an  assistant  in 
the  Survey,  has  during  the  past  year,  under  my  direction,  prepared 
a  report  on  the  geology  of  the  peninsula  of  Naliant,  Mass.  This 
memoir  will  be  transmitted  to  your  office. 

The  following  papers  have  been  prepared  for  the  press  and  com¬ 
municated  to  your  office,  or  with  your  permission  given  for  publica¬ 
tion  to  scientific  journals: 

A  Report  on  the  Geology  of  the  Island  of  Cape  Ann,  Mass,  (for  the  Ninth  Annual 
Report  of  the  Director). 

On  the  Origin  of  the  Divisions  between  the  Layers  of  Stratified  Rocks. 

The  Crenitic  Hypothesis  and  Mountain  Building. 

On  the  Geology  of  the  Cambrian  District  of  Bristol  County,  Mass. 

On  the  Occurrence  of  Fossils  of  Cretaceous  Age  on  the  Island  of  Martha’s  Vine¬ 
yard,  Mass. 

My  division  is  indebted  to  the  authorities  of  the  Old  Colony  Rail¬ 
way  for  valuable  help  in  the  prosecution  of  field  work;  to  Messrs. 
George  B.  Leighton  and  John  L.  Gardner,  jr.,  for  photographic 
work  on  Cape  Ann  and  elsewhere,  the  results  of  which  have  been 
embodied  in  my  reports:  to  Messrs.  William  Beals  and  George  T. 
Quinby  for  their  efficient  services  as  aids  in  my  Florida  work,  in 
which  journey  they  paid  their  own  expenses;  and  to  Messrs.  T.  W. 
Harris,  George  E.  Ladd,  and  F.  B.  Lund  for  assistance  in  the  Nar- 
ragansett  field. 

Very  respectfully,  your  obedient  servant, 

N.  S.  Shaler, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 
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REPORT  OF  PROF.  RAPHAEL  PUMPELLY. 

Division  of  Archean  Geology, 

Dublin,  N.  H .,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the 
distribution  of  my  work  during  the  past  year: 

The  work  of  my  division  has  necessarily  been  concentrated  upon 
the  geology  of  western  blew  England.  The  Green  Mountains  con¬ 
tain  not  only  the  key  to  the  geology  of  New  England,  but,  in  the  un¬ 
raveling  of  their  structure,  also  the  settlement  of  other  much  dis¬ 
puted  points,  especially  in  regard  to  metamorphism.  It  is  for  these 
reasons  that  I  have  continued  to  concentrate  our  efforts  upon  the 
study  of  these  mountains,  feeling  fully  assured  that  the  essential  key 
lies  in  their  structure,  and  that  without  it  the  geology  of  New  Eng¬ 
land  can  not  be  known. 

The  important  question  of  the  conformable  continuity  or  non-con¬ 
tinuity  of  the  Green  Mountain  series  from  top  to  bottom  is  not  yet 
definitely  settled. 

Our  contact  observations  give  corroborative  proof  of  the  conform¬ 
ity  of  the  quartzite  with  the  overlying  Stockbridge  limestone,  and 
Mr.  Walcott  has  shown,  from  the  fossils  discovered  by  him  in  the 
quartzite,  that  this  is  of  Middle  Cambrian  age.  A  considerable  part 
of  the  rocks  forming  the  Green  Mountains  proper  lie  below  the  top 
of  this  quartzite,  in  a  series  of  quartzites,  conglomerates,  gneisses, 
and  mica-scliists,  which  undergo  frequent  transitions  from  one  into 
another.  In  the  process  of  mountain  building  these  have  been  so 
compressed  by  lateral  thrust,  and  often  so  contorted,  that  the  evi¬ 
dence  furnished  at  contacts,  as  to  conformity,  is  not  yet  conclusive; 
and  yet  the  importance  of  the  question  is  such,  that  I  shall  continue 
to  devote  much  attention  to  it. 

Following  my  plan  of  working  out  the  structure  of  broad 
zones  across  the  mountain  ranges,  we  have  finished  a  map  of  the 
northern  half  of  Berkshire  County,  Mass.,  based  upon  an  immense 
number  of  observations.  The  work  on  the  Hoosac  Mountain,  or 
eastern  part  of  this  map,  was  during  the  past  year  carried  out  by 
Mr.  J.  E.  Wolff,  assisted  by  Mr.  C.  L.  Whittle,  and  that  on  the 
Greylock,  or  western  half,  was  done  by  Mr.  T.  N.  Dale,  except  a 
small  area  by  Mr.  W.  H.  Hobbs.  This  study  has  given  us  a  very 
full  knowledge  of  the  various  components  of  the  Green  Mountain 
series  from  the  top  of  the  Taconic  schists  down,  together  with  an 
extensive  insight  into  their  lithology  and  phenomena  of  transition. 
It  has  also  furnished  a  great  amount  of  material  illustrative  of  the 
structure  of  these  mountains,  and  of  mountain  building  in  general. 

East  and  south  of  this  belt  Professor  Emerson  has  continued  his 
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study  of  the  strata  flanking  the  Green  Mountains  on  the  east,  and 
connecting  his  former  work  with  the  belt  across  the  mountains. 

Preparatory  for  the  geologic  work  of  the  coming  season  Mr.  H. 
L.  Smyth  has  executed,  in  more  or  less  detail,  topographic  surveys 
in  southern  Vermont  and  in  southern  New  Hampshire,  and  since  the 
latter  part  of  May  of  this  year  he  has  been  surveying  a  belt  across 
the  mountains  between  Wallingford  and  Plymouth,  Vt.  Among  the 
surveys  carried  out  by  Mr.  Smyth  during  the  year,  that  of  the  Mount 
Monadnock  and  surrounding  country  forms  a  valuable  topographic 
map,  as  well  as  a  basis  for  geologic  work. 

A  valuable  collection  of  the  fossil  plants  of  the  Rhode  Island  coal 
field  has  been  made  for  the  Survey  by  the  Rev.  E.  F.  Clark. 

The  study  of  the  Triassic  eruptive  rocks  of  the  Connecticut  Val¬ 
ley  has  been  continued  by  Mr.  W.  M.  Davis. 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

Raphael  Pumpelly, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  G.  K.  GILBERT. 

Appalachian  Division  of  Geology, 

Washington,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  work  in 
my  division  during  the  fiscal  year  ending  yesterday: 

field  work  in  1887. 

In  previous  reports  it  has  been  set  forth  that  the  first  work  under¬ 
taken  in  the  Appalachian  region  was  the  careful  measurement  of  a 
series  of  sections.  The  beginning  of  the  fiscal  year  found  three 
parties  engaged  in  this  work:  Mr.  I.  C.  Russell,  assisted  by  Mr.  C. 
W.  Hayes,  in  Alabama;  Mr.  Bailey  Willis,  assisted  by  Mr.  Arthur 
Keith,  in  Tennessee;  and  Mr.  H.  R.  Geiger,  on  the  line  of  the  Poto¬ 
mac.  Mr.  Russell  closed  his  work  early  in  September,  his  field 
season  being  abridged  by  the  illness  of  his  entire  party.  He  suc¬ 
ceeded,  however,  in  completing  the  work  on  the  sections.  Mr.  Willis 
completed  his  section  work,  and  also  made  two  detailed  studies  of 
geologic  structure,  making  local  plane-table  surveys  on  a  large  scale 
for  that  purpose.  He  left  the  field  about  the  middle  of  October. 
Mr.  Geiger  completed  his  section  work  and  returned  to  Washington 
in  the  middle  of  November,  the  greater  part  of  his  field  season 
having  been  spent  in  a  study  of  the  valley  limestones  and  of  their 
relations  to  the  sandstones  of  the  mountains  overlooking  the  great 
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valley  from  the  east  and  west.  Mr.  N.  H.  Darton  was  occupied 
during  August,  September,  and  the  first  third  of  October  in  a 
reconnaissance  on  the  headwaters  of  the  Greenbrier,  New,  and  James 
Rivers  of  Virginia  and  West  Virginia,  for  the  purpose  of  determin¬ 
ing  the  most  available  lines  for  the  measurement  of  sections. 

My  own  field  work  was  a  continuation  of  the  investigation,  de¬ 
scribed  in  previous  reports,  of  post-glacial  changes  of  level  in  the 
northern  and  northeastern  States.  A  few  weeks  were  spent  in 
southern,  northern,  and  western  New  York,  in  northern  Pennsyl¬ 
vania  and  Ohio,  and  on  the  Maine  coast. 


OFFICE  WORK. 

My  attention  in  Washington  has  been  largely  given  to  administra¬ 
tive  details  under  your  immediate  direction,  but  I  have  also  spent 
some  time  upon  the  long-deferred  report  on  the  history  of  Lake 
Bonneville,  now  nearly  ready  for  the  press.  I  have  also  studied  the 
literature  germane  to  the  subject  of  the  summer’s  field  investigation. 

My  assistants,  after  returning  from  the  field,  constructed  the 
surveyed  sections  and  prepared  reports  upon  their  various  subjects 
of  study.  These  reports  are  intended  primarily  to  serve  as  office 
records  and  as  a  foundation  for  future  field  work,  but  they  will  also 
form  at  some  future  time  the  principal  basis  for  the  discussion  of  the 
comparative  stratigraphy  of  the  Appalachian  region  from  Maryland 
to  Alabama.  Mr.  Russell  also  spent  some  time  in  the  revision  of 
essays  described  in  my  last  report,  and  in  the  preparation,  now  well 
advanced,  of  an  index  to  the  literature  to  the  Jura-Trias  system. 
Mr.  Willis  began  a  series  of  experiments  suggested  by  the  structure 
phenomena  of  his  district,  and  designed  to  reproduce  those  phenom¬ 
ena  in  miniature  by  the  application  of  horizontal  stresses  to  strati¬ 
fied  masses  of  varied  composition,  subjected  at  the  same  time  to  the 
vertical  pressure  of  a  flexible  load. 

Mr.  Darton,  after  preparing  a  report  on  his  reconnaissance,  resumed 
work  on  the  Appalachian  bibliography,  which  is  now  nearly  com¬ 
plete  and  has  already  been  extensively  used  by  various  members  of 
the  Survey.  He  also  spent  much  time  in  the  revision  of  a  list  of 
papers  on  American  geology  previously  offered  for  publication. 

Prof.  I.  C.  White  continued  work  on  the  comparative  stratigraphy 
of  the  Coal  Measures  of  West  Virginia,  Pennsylvania,  and  Ohio,  and 
his  essay  is  now  nearly  ready  for  publication. 

FIELD  WORK  IN  1888. 

The  detailed  section  work  to  which  so  much  attention  has  been 
given  in  the  Appalachian  division  during  the  past  two  years  was 
intended  to  pave  the  way  for  the  mapping  of  formations,  by  indi¬ 
cating  in  advance  the  nature  of  the  problems  which  would  arise,  and 
by  solving  as  many  of  them  as  possible.  This  summer  the  areal 
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work  is  directly  undertaken,  the  atlas  sheet  being  the  unit  of  survey. 
In  this  district  each  atlas  sheet  is  bounded  by  meridians  and  parallels 
one-half  degree  apart,  so  as  to  include  one-quarter  of  a  square  degree 
of  area.  The  size  varies  with  the  latitude,  but  is  in  general  about 
1,000  square  miles.  Mr.  Geiger  began  work  on  the  Harper’s  Ferry 
sheet  about  the  middle  of  June.  All  work  south  of  Virginia  was 
placed  in  charge  of  Mr.  Willis,  and  under  his  direction  Mr.  Hayes  has 
begun  the  survey  of  the  Rome  sheet,  and  Mr.  Keith  that  of  the  Green¬ 
ville  sheet.  Mr.  Willis  gives  his  personal  attention  to  the  yet  unset¬ 
tled  problem  of  the  relation  of  the  schistose  rocks  at  the  southeast  to 
the  Paleozoic  strata  of  the  Appalachian  folds.  These  parties  are  now 
in  the  field,  and  other  parties  will  be  organized  later  in  the  season. 

A  comparison  of  the  columnar  sections  already  determined  in 
Maryland,  Tennessee,  and  Alabama  shows  that  it  will  be  possible  to 
recognize  but  a  small  number  of  formation  boundaries  in  all  parts 
of  the  Appalachian  region.  Not  only  are  the  more  southerly  col¬ 
umns  shorter  than  the  northerly,  but  they  include  a  much  smaller 
number  of  distinguishable  subdivisions.  Recognizing  at  the  outset 
the  impossibility  of  using  a  single  legend  for  all  the  atlas  sheets  of  the 
district  and  the  improbability  that  the  legends  of  any  two  adjacent 
sheets  will  coincide  in  all  respects,  I  have  arranged  that  the  deter¬ 
mination  of  the  distinctions  to  be  mapped  on  each  atlas  sheet  shall  be 
determined  chiefly  from  a  consideration  of  the  local  phenomena.  In 
addition  to  the  geologic  map,  a  soil  map  will  be  prepared  of  each  area. 

Mr.  Russell  leaves  the  Appalachian  work  for  the  present  to  under¬ 
take  a  general  review  of  the  Jura-Trias  system  and  its  literature, 
and  in  connection  with  this  work  went  early  in  June  to  Colorado,- 
where  he  has  examined  the  Jura-Trias  sections  exposed  at  Colorado 
Springs  and  at  Canon  City. 


ASSISTANTS. 

Mr.  Geiger  has  been  assisted  while  in  the  field  by  his  son,  Mr.  F. 
W.  Geiger,  and  has  been  aided  in  office  work  by  Mr.  R.  B.  Cameron, 
detailed  for  that  purpose  from  the  Geographic  Division.  Mr.  Willis 
was  accompanied  for  a  few  weeks  in  July,  1887,  by  Mr.  R.  R.  Gurley, 
who  continued  the  collection  of  fossils  in  the  Tennessee  district. 
At  the  opening  of  the  present  field  season  Mr.  A.  E.  Woodward  was 
added  to  Mr.  Hayes’s  party,  and  Mr.  A.  C.  Lane  to  Mr.  Keith’s.  Prof. 
W.  L.  Webb  was  employed  by  Professor  White  as  draughtsman 
from  December  to  March,  inclusive.  Messrs.  Russell  and  Willis  in 
1887,  and  Messrs.  Hayes  and  Keith  in  1888,  have  each  employed  two 
camp  hands  during  the  period  of  field  work. 

I  remain,  with  great  respect,  your  obedient  servant, 

G.  K.  Gilbert, 

Geologist  in  Charqe. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 
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REPORT  OF  MR.  C.  R.  VAN  HISE. 

Lake  Superior  Division, 

Washington ,  D.  C\,  July  1,  1888. 

Sir:  I  beg  to  submit  tbe  following  report  of  the  operations  of  the 
division  of  the  Survey  now  under  my  charge  for  the  year  ending 
yesterday : 

The  division  has  suffered  a  great  disaster  in  the  death  of  its  former 
head,  Prof.  Roland  D.  Irving.  He  was  stricken  with  paralysis  of 
his  left  side  May  27,  and  his  death  followed  three  days  later.  Pro¬ 
fessor  Irving  was  the  first  head  of  the  division,  and  to  his  great 
ability  and  unflagging  industry  its  success  in  the  past  has  been 
chiefly  due.  The  division  for  eleven  months  of  the  year  was  under 
his  supervision,  and  the  work  of  the  remaining  month  was  a  con¬ 
tinuation  of  that  laid  out  by  him;  so  that  the  following  account  of 
its  operations  represents  work  which  he  directed.  This  being  the 
case,  I  quote  a  paragraph  from  Professor  Irving’s  last  annual  report, 
showing  the  plan  of  work  of  the  division,  to  accomplish  which  the 
operations  during  the  year  have  been  carried  forward: 

As  shown  in  former  annual  reports,  the  work  set  for  this  division  includes  especially 
a  study  of  the  great  formations  which  lie  beneath  the  Potsdam  or  basal  Cambrian 
sandstone  of  the  Northwestern  States.  The  final  object  of  this  study  is  the  prepa¬ 
ration  of  a  series  of  sheets  for  the  great  geological  map  of  the  United  States  called 
for  by  the  organic  law  of  the  Survey.  In  order,  however,  that  each  color  on  these 
sheets  shall  cover  rocks  which  are  in  some  sort  homogeneous  and  chronologically 
equivalent,  a  necessary  preliminary  to  the  mapping  has  been  the  ascertaining  of  the 
true  chronological  succession  or  natural  classification  of  the  pre-Cambrian  forma¬ 
tions  of  the  region.  These  formations  had  been  so  inadequately  studied,  that  the 
various  geologists  who  in  former  years  had  occupied  themselves  with  them,  having 
confined  their  researches  to  restricted  and  disconnected  areas,  had  failed  to  reach 
any  such  general  agreement  or  to  accumulate  such  a  mass  of  trustworthy  material  as 
would  warrant  the  adoption  by  the  Survey  of  any  final  classification  that  had  pre¬ 
viously  been  suggested.  As  indicated  in  my  last  annual  report,  however,  in  the 
several  years  that  have  elapsed  since  the  beginning  of  our  investigation  in  Septem¬ 
ber,  1882, we  have  made  such  progress  towards  a  final  classification,  that,  while  I  have 
felt  it  necessary  to  continue  the  special  studies  throughout  the  year  just  closed,  I 
have  also  thought  it  wise  to  devote  part  of  the  force  to  the  completion  of  the  geol¬ 
ogy  for  the  final  sheets.  These  sheets  are  bounded  by  parallels  of  latitude  and 
longitude,  and  comprise  each  one-fourth  of  a  square  degree.  As  a  topographical 
basis  for  them  we  have  at  present  only  the  surveys  of  the  U.  S.  Land  Office,  except 
near  the  shores  of  Lake  Superior,  where  the  exceedingly  accurate  maps  of  the  U. 
S.  Engineer  Office  are  available.  For  special  purposes  further  topographical  map¬ 
ping  will  be  needed,  but  for  the  outlining  of  the  grander  geological  phenomena,  such 
as  will  be  given  on  the  general  map  referred  to,  it  is  not  thought  that  additional  work 
of  this  kind  will  be  necessary.  Moreover,  if  such  further  topographical  work  should 
be  deemed  necessary  for  the  sake  of  uniformity  in  the  elaboration  of  the  sheets  of 
the  final  map,  it  can  be  done  as  well  after  the  geological  mapping  as  before,  our  geo¬ 
logical  boundaries  being  located  by  measurements  from  section  corners.  In  our 
preliminary  studies  we  have  gathered  material  sufficient  to  do  much  of  the  final 
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mapping;  but  since  in  the  field  work  for  these  preliminary  studies  it  has  been 
designed  to  follow  the  most  instructive  routes  and  to  study  the  most  characteristic 
exposures,  rather  than  to  cover  the  whole  territory,  various  insufficiently  examined 
areas  have  been  left.  The  general  structure  of  these  areas  is  pretty  well  known, 
but  our  knowledge  of  them  is  not  sufficient  to  allow  of  mapping.  It  has  been  my 
plan  then,  while  continuing  our  special  studies,  to  proceed  also  with  the  detailed 
examination  of  these  unfilled  gaps,  in  such  order  that  the  geology  of  the  several 
sheets  for  which  the  Lake  Superior  Division  of  the  Survey  is  responsible  shall  be 
completed  sheet  by  sheet. 


FIELD  WORK. 

The  field  work  of  the  division  has  been  done  by  Professor  Irving, 
Dr.  W.  S.  Bayley,  W.  3ST.  Merriam,  and  myself. 

Professor  Irving  went  into  the  field  July  13.  His  time  was  divided 
between  the  Marquette,  F elch  Mountain,  and  Penokee  regions,  in  all 
of  which  areas  he  visited  a  number  of  the  most  important  localities. 
During  a  part  of  this  time  he  was  in  company  with  Professor  Pum- 
pelly,  of  the  division  of  Appalachian  Archean  Geology,  and  during 
the  remainder  of  the  time  I  was  with  him.  His  aim  was  to  visit  as 
many  points  as  possible  which  could  throw  light  upon  the  relations 
of  the  iron-bearing  series  and  the  green  crystalline  schists,  gneisses, 
and  granites  with  which  they  are  associated.  His  field  work  was, 
then,  a  continuation  of  the  special  study  in  which  he  has  been  en¬ 
gaged  for  some  years.  It  had  long  seemed  to  Professor  Irving  that 
the  key  to  the  solution  of  the  difficult  problems  of  Lake  Superior 
geology  was  the  separability  by  a  great  unconformity  of  the  green 
crystalline  schists,  which  are  so  closely  associated  with  the  iron¬ 
bearing  series,  from  the  clastic  and  chemical  sediments  of  the  iron¬ 
bearing  series.  All  the  work  of  previous  years  had  pointed  in  this 
direction,  and  so  conclusive  were  the  results  of  the  season’s  field  study, 
that  he  had  felt  warranted  in  announcing  this  more  positively  than 
ever  before  as  the  true  relation  between  the  two  series  of  rocks.  Here¬ 
tofore  these  green  crystalline  schists  have  been  classed  with  the  iron¬ 
bearing  series  by  most  writers. 

The  work  laid  out  for  me  by  Professor  Irving  was  to  do  additional 
field  work  necessary  to  satisfactorily  complete  our  joint  memoir  upon 
the  Penokee  iron-bearing  series.  Since  my  last  visit  to  this  region 
exploration  and  exploitation  had  exposed  the  rocks  at  very  numer¬ 
ous  points  where  before  they  had  been  hidden  by  the  drift.  The  gaps 
were  often  quite  wide,  and  our  mapping  was  correspondingly  uncer¬ 
tain.  Work  was  begun  about  the  middle  of  June  of  the  previous 
fiscal  year,  and  continued  with  one  interruption  to  August  18,  during 
a  portion  of  which  time  I  had  the  advantage  of  the  company  of 
Professor  Irving.  So  extensive  had  been  the  exploration  along  the 
iron-bearing  member,  that  I  was  able  with  great  accuracy  to  locate 
for  many  miles  the  contact  between  this  belt  and  the  fragmental 
quartzite  by  which  it  is  underlain.  In  the  eastern  part  of  the  region. 
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in  T.  4?  1ST..  R.  44  W.  and  43  W.,  Michigan,  west  of  Gogebic  Lake, 
great  uncertainty  as  to  the  true  relations  of  the  rocks  had  existed, 
notwithstanding  detailed  field  work.  We  are  now  able,  however, 
with  some  confidence  to  map  this  difficult  region. 

Field  work,  begun  by  Dr.  W.  S.  Bayley  in  the  latter  part  of  the 
previous  fiscal  year,  was  continued  during  July  and  August,  with  the 
assistance  of  two  woodsmen  and  two  packers.  The  party  was  thus 
able  simultaneously  to  follow  two  separate  lines.  During  this  time 
the  country  in  the  vicinity  of  Silver  Lake,  Michigan,  and  that 
bounded  by  Silver  Lake  on  the  east,  Keweenaw  Bay  on  the  west, 
Lake  Superior  on  the  north,  and  the  Duluth,  South  Shore  and  Atlantic 
Railroad  on  the  south,  was  covered  in  some  detail.  The  time  was 
devoted  principally  to  mapping  the  Huronian  areas  existing  in  this 
region.  During  July  and  August  about  650  miles  of  section  lines 
were  followed.  At  the  beginning  of  September  the  party  was  cut 
down  to  Dr.  Bayley,  with  one  woodsman  and  one  packer,  and  in  the 
latter  part  of  this  month  only  one  assistant  was  employed.  Work 
was  continued  along  the  line  and  a  short  distance  north  of  the  Du¬ 
luth,  South  Shore  and  Atlantic  Railroad.  Only  a  few  specimens 
were  here  collected,  as  most  of  the  time  was  spent  in  excursions 
intended  to  afford  material  to  check  the  results  obtained  during  the 
earlier  portion  of  the  season.  On  the  1st  of  October  the  party  left 
the  field,  after  having  examined  quite  thoroughly  all  that  portion  of 
the  upper  peninsula  of  Michigan  lying  north  of  the  Duluth,  South 
Shore  and  Atlantic  Railroad,  and  between  Marquette  on  the  east  and 
L'Anse  on  the  west.  During  the  season  over  1,200  miles  of  country 
were  traversed  and  eight  hundred  and  ten  hand  specimens  of  rocks 
were  collected.  The  limits  of  two  areas  of  fragmental  rocks  were 
traced  and  mapped,  and  the  Archean  schists  lying  between  these 
were  carefully  examined. 

Mr.  W.  N.  Merriam  left  Madison  for  Duluth  July  9.  Here  he 
was  joined  by  G.  A.  Buckstaff,  who  acted  as  a  volunteer  field  assist¬ 
ant.  From  Tower  they  went  to  Grand  Marais,  where  two  Indians 
and  canoes  were  obtained.  The  party  then  went,  via  Vermilion  Lake 
and  Little  Fork  River,  to  Rainy  River.  It  then  followed  Rainy  River 
to  the  Lake  of  the  Woods.  The  entire  south  and  west  shores  of  this 
lake  were  coasted  to  the  northwest  angle,  and  thence  to  Rat  Portage. 
From  the  northwest  angle  to  Rat  Portage  a  particularly  full  suite 
of  specimens  was  collected  as  typical  of  a  region  described  by  Dr.  A. 
C.  Lawson,  of  the  Canadian  geological  survey.  From  Rat  Portage 
the  party  went  to  Port  Arthur,  where  it  disbanded.  Mr.  Merriam 
then  went  to  Metropolitan,  Mich.,  to  begin  a  systematic  detailed 
study  of  the  Felcli  Mountain  region.  For  this  purpose  he  organized 
a  party,  consisting,  besides  himself,  of  a  woodsman  and  two  packers, 
and  on  August  28  he  began  work,  which  continued  until  October  11, 
when  he  was  called  to  the  Madison  office  by  Professor  Irving.  Mr. 
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Merriam  collected  about  one  hundred  specimens  in  his  trip  in  north¬ 
eastern  Minnesota,  and  about  one  hundred  and  seventy-five  in  the 
Felch  Mountain  country. 

Prof.  C.  W.  Hall  did  a  small  amount  of  field  work  in  the  month 
of  October  in  Kennebec,  Pine,  Aikin,  and  Carlton  Counties,  Minn. , 
in  continuation  of  his  studies  upon  the  granites  and  crystalline 
schists  of  central  and  southwestern  Minnesota. 

OFFICE  WORK. 

Professor  Irving,  in  the  office,  gave  the  greater  part  of  his  time,  and 
I  have  given  practically  all  of  mine,  to  the  preparation  of  a  joint 
memoir  upon  the  Penokee  iron-bearing  series.  The  series  comprises 
four  belts  of  rocks,  which  are  separated  from  each  other  by  a  differ¬ 
ence  in  the  original  sediments  which  composed  them.  At  the  base  is 
a  formation  of  chemical  or  organic  sediments  —  a  limestone  and  chert 
member.  Above  this  lies  a  belt  of  fragmental  sediments  —  a  quartz- 
slate  member.  Upon  this  rest  the  non-fragmental  sediments  of  the 
iron-bearing  member,  and  above  the  last  is  a  second  belt  of  frag¬ 
mental  sediments  of  great  thickness.  The  series  as  a  whole  is  sep¬ 
arated  by  unconformities  from  the  Arcliean  rocks  below  and  the 
Keweenawan  above.  It  is  brought  to  an  end  upon  the  surface  at 
the  west  by  the  overlapping  Keweenawan  eruptives  in  T.  44  1ST.,  R. 
7  W.,  Wisconsin,  and  at  the  east  by  the  eastern  horizontal  sand¬ 
stone,  which,  extending  southward  across  the  path  of  the  iron-bear¬ 
ing  series  in  T.  47  1ST.,  R.  42  W.,  Michigan,  just  west  of  Gogebic  Lake, 
covers  alike  unconformably  the  Keweenawan,  Huronian,  and  Ar- 
chean  rocks.  Our  work  has  involved  a  continuation  of  the  studies  of 
the  origin  of  the  ferruginous  schists  and  iron  ores.1  This  investiga¬ 
tion  has  completely  confirmed  the  general  conclusion,  published  two 
years  ago  by  Professor  Irving,  that  these  rocks  were  originally  im¬ 
pure  iron  carbonates,  essentially  similar  to  the  iron  carbonates  of 
later  geological  periods.  Also,  we  have  been  able  to  fill  in  many  of 
the  details  in  the  processes  of  alteration.  The  origin  of  the  curious 
concretionary  and  brecciated  character  of  many  of  the  rocks  and  the 
series  of  changes  which  concentrated  the  ore  in  certain  places  and 
left  others  barren  have  been  for  the  most  part  satisfactorily  worked 
out. 

Professor  Irving  prepared  a  prefatory  chapter  to  Dr.  George  H. 
Williams’s  bulletin  upon  the  greenstone-schist  areas  of  the  Mar¬ 
quette  and  Mepominee  regions  of  Michigan.  This  chapter  discusses 
at  length  the  relations  of  the  granites,  greenstone-schists,  and  adja¬ 
cent  iron-bearing  series.  It  again  maintains  that  the  last  is  newer 
than  and  rests  unconformably  upon  the  green  schists. 

1  Origin  of  the  Ferruginous  Schists  and  Iron  Ores  of  the  Lake  Superior  Region,  by 
R.  D.  Irving,  Ain.  Jour.  Sci.,  3d  series,  vol.  32,  1886,  p.  255. 
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During  the  year  Dr.  Williams  was  engaged  in  the  preparation  of 
the  above  bulletin.  This  bulletin  embodies  the  results  of  parts  of 
two  seasons’ field  work,  supplemented  by  detailed  microscopic  studies 
of  the  materials  collected,  and  contains  about  700  pages  of  manuscript, 
16  colored  plates,  and  33  figures.  The  bulletin  is  a  contribution  to 
the  subject  of  dynamic  metamorphism  of  eruptive  rocks.  The  Me¬ 
nominee  area  embraces  two  bands  of  massive  greenstones  and  associ¬ 
ated  greenstone-schists,  which  are  intersected  by  the  Menominee 
River  at  several  points.  All  of  these  points  offer  excellent  exposures, 
and  from  a  careful  study  of  them,  both  in  the  field  and  with  the  mi¬ 
croscope,  the  conclusion  was  reached  that  these  schistose  rocks  were 
originally  eruptive  belts  (probably  diabase  and  gabbro),  which  have 
subsequently  been  greatly  altered  and  rendered  more  or  less  com¬ 
pletely  schistose  by  pressure.  Intercalated  dikes  of  acid  eruptive 
rocks  (granites  and  quartz-porphyries),  occurring  just  above  the  Big 
Quinnesec  Fall,  have  developed  a  similar  schistose  structure.  The 
greenstone-schist  area  of  the  Marquette  area  is  much  more  complex 
in  its  composition.  There  occur  in  this  greenstone  belt,  which  ex¬ 
tends  westward  from  Lake  Superior,  (1)  regularly  banded  greenstone- 
schist,  consisting  of  alternating  layers  of  lighter  and  darker  color; 
(2)  homogeneous  greenstones,  both  massive  and  schistose;  (3)  inter¬ 
calated  dikes  of  very  massive  greenstone;  (4)  massive  and  somewhat 
schistose  acid  rocks.  The  first  of  these  classes  is  regarded  as  greatly 
altered  diabase-tuffs.  The  second  class  is  considered  as  massive 
flows  of  diabase  or  some  allied  type  of  eruptive  rock,  which  has  been 
rendered  more  or  less  schistose  in  certain  places  by  the  action  of 
pressure.  The  third  class  consists  of  later  and  but  little  altered 
basic  intrusions.  The  fourth  class  of  acid  eruptive  rocks,  which  are 
often  accompanied  by  tuff  deposits,  have  been  much  altered  by  both 
dynamic  and  metasomatic  processes.  The  macro-structure,  micro- 
structure,  and  mineralogical  alterations  of  all  the  rock  types  have 
been  worked  out  and  illustrated  in  great  detail. 

Dr.  W.  S.  Bayley’s  time  for  the  first  three  months  after  the  close 
of  the  field  season  was  spent  in  miscellaneous  duties  in  the  office. 
The  remainder  of  the  year  has  been  given  to  the  preparation  of  a 
bulletin  upon  the  rocks  of  Pigeon  Point,  Minnesota.  In  this  con¬ 
nection  Dr.  Bayley  has  prepared  two  papers  for  publication,  one  of 
which  has  already  appeared. 

The  small  amount  of  time  which  Prof.  C.  W.  Hall  has  been  able 
to  give  to  office  work  has  been  devoted  to  a  study  of  the  rocks  of 
central  and  southwestern  Minnesota.  Mr.  W.  1ST.  Merriam  has  been 
engaged  in  platting  the  work  of  the  field  season,  in  drawing  maps 
for  contemplated  publications,  and  in  taking  a  large  number  of  micro- 
photographs  (in  which  work  he  has  become  expert)  from  which  to 
select  illustrations  for  the  reports. 

During  the  year  but  two  papers  have  been  published,  namely,  “  Is 
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there  a  Huronian  Group?"  by  Prof.  R.  D.  Irving,1  and  “  On  some  pe¬ 
culiarly  spotted  rocks  from  Pigeon  Point,  Minnesota,  by  Dr.  AV .  S. 
Bayley.2  The  former  of  these  is  a  condensed  yet  full  argument  for 
the  separability  by  great  unconformities  of  the  Huronian  series  from 
the  underlying  Archean  rocks  and  from  the  overlying  Keweenawan 
and  Cambrian  rocks.  At  the  present  time  a  bulletin  upon  the  Green- 
stonerSchist  Areas  of  the  Marquette  and  Menominee  regions  of 
Michigan,  by  Dr.  George  H.  Williams,  with  an  introductory  chapter 
by  Professor  Irving,  and  a  paper  for  the  American  Journal  of 
Science  upon  the  Granites  of  Pigeon  Point  and  Irving’s  Augite-Sy- 
enite,  by  Dr.  W.  S.  Bayley,  are  ready  for  the  printer.  It  is  due  to 
Professor  Irving  that  a  list  be  given  of  works  in  preparation  in  the 
division:  (1)  Monograph  upon  the  Penokee  Iron-Bearing  Series,  by 
R.  D.  Irving  and  C.  R.  Van  Hise.  This  work  is  far  advanced,  and 
it  is  hoped  that  it  will  be  ready  for  the  printer  within  a  few  months. 
(2)  Paper  upon  the  Ferruginous  Schists  of  the  Penokee  and  the 
Animike  Series,  by  R.  D.- Irving  and  C.  R.  Van  Hise.  This  paper 
would  have  been  ready  for  the  present  annual  had  Professor  Irving 
lived.  (3)  Bulletin  upon  the  Rocks  of  Pigeon  Point,  by  Dr.  W.  S. 
Bayley.  Much  has  been  done  upon  this  report  and  it  is  well  ad¬ 
vanced,  yet  a  good  deal  of  work  will  be  required  to  complete  it. 
(4)  Bulletin  upon  the  Crystalline  Rocks  of  central  and  southwestern 
Minnesota,  by  Prof.  C.  AV.  Hall. 

All  of  which  is  most  respectfully  submitted. 

C.  R.  A7 an  Hise, 

Geologist  in  Charge. 

Hon.  J.  AV.  Powell, 

Director  U.  8.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF.  T.  C.  CHAMBERLIN. 

Glacial  Division, 

Madison,  Wis.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  herewith  a  report  of  the  work  of 
the  Glacial  Division  during  the  year  ending  June  30,  1888. 

By  joint  arrangement  with  the  geological  survey  of  Canada,  As¬ 
sistant  Geologist  Warren  Upham  continued  his  exploration  of  the 
basin  of  the  extinct  Lake  Agassiz,  in  Manitoba,  until  July  26.  The 
area  examined  embraces  the  prairie  portion  of  the  lake  bottom  in 
Manitoba,  reaching  north  to  Riding  Mountain  and  the  southern  end 
of  Lake  Manitoba,  and  from  the  Red  River  on  the  east  to  Pembina 
Mountain,  the  Tiger  Hills,  and  Brandon  on  the  west.  His  explora¬ 
tion  also  included  a  part  of  the  basin  of  the  Pembina,  Souris,  and  Assin- 

1  Am.  Jour.  Sri..  3dseries,  vol.  34,  1887,  pp.  204,  249.  305. 

2  Ibid.,  vol.  35,  1886,  p.  388. 
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iboine  Rivers,  which  brought  into  the  ancient  lake  extensive  delta  de¬ 
posits.  From  July  26  to  September  22  Mr.  Uphain  was  engaged  in 
field  work  at  different  points  in  and  adjacent  to  the  basin  of  Lake 
Agassiz,  in  Minnesota  and  Dakota,  noting  the  general  topographic 
features  and  the  various  glacial,  lacustrine,  and  fluvial  deposits, 
especially  the  lower  beaches  of  the  lake.  His  attention  was  also 
given  to  the  very  numerous  artesian  wells  which  are  obtained  within 
the  drift  deposits  in  many  portions  of  the  Red  River  Valley  at 
depths  varying  from  fifty  to  two  hundred  feet  or  more.  A  short 
journey  was  also  made  into  the  region  west  of  the  extinct  lake  basin 
and  adjoining  Minnewaukon  Lake,  the  south  side  of  which  is  bor¬ 
dered  by  very  prominent  and  typical  terminal  moraines,  as  indicated 
in  the  Third  Annual  Report  of  the  Survey.1  Mr.  Upham  was  as¬ 
sisted  in  leveling  by  Mr.  Robert  H.  Young. 

Leaving  the  field  in  September,  Mr.  Upham  was  engaged  during 
the  remainder  of  the  year  in  embodying  his  data  in  manuscript  and 
maps.  A  considerable  part  of  his  time  was  devoted  to  the  compila¬ 
tion  and  discussion  of  the  elevations  determined  by  the  railway 
surveys  of  the  region  under  examination,  and  the  reduction  of  his 
levelings  by  these  means  to  the  sea  level.  It  was  found  that  the 
interconnected  railway  profiles  and  the  levelings  of  the  U.  S.  Lake 
Survey  and  of  the  Missouri  and  Mississippi  Commissions  gave  deter¬ 
minations  of  the  heights  of  this  central  portion  of  the  continent  so 
close  in  agreement,  as  to  justify  the  belief  that  the  elevations  of  the 
beaches  of  the  ancient  lake  may  be  accepted  as  true  within  limits 
nowhere  exceeding  five  feet.  All  these  elevations  have  been  tabu¬ 
lated  for  publication  as  a  bulletin  of  the  Survey,  to  be  entitled  “Alti¬ 
tudes  between  Lake  Superior  and  the  Rocky  Mountains.” 

Mr.  Frank  Leverett,  special  field  assistant,  was  engaged  the  greater 
part  of  July,  1887,  in  the  preparation  of  a  report  upon  the  drift  de¬ 
posits  of  that  portion  of  Illinois  lying  north  of  the  Kankakee  River 
and  east  of  the  Fox  River,  which  he  had  examined  during  the  two 
preceding  months.  In  the  latter  part  of  J uly  he  resumed  field  work 
upon  a  belt  lying  between  Lake  Michigan  and  the  Valparaiso  mo¬ 
raine  in  northwestern  Indiana  and  southwestern  Michigan.  His 
study  was  carried  north  to  the  mouth  of  the  Kalamazoo  River,  and 
embraced  chiefly  the  tracing  of  beach  lines  and  feeble  moraines. 
This  work  occupied  him  until  the  latter  part  of  September,  when  he 
undertook  the  study  of  a  belt  stretching  eastward  across  the  terri¬ 
tory  of  conflicting  glacial  movements  through  the  Lake  Michigan, 
Saginaw,  and  Erie-Huron  Valleys.  This  was  worked  eastward  to 
the  east  line  of  Ingram  and  Jackson  Counties,  Michigan,  reconnoi- 
tering  lines  being  thrown  out  to  the  northward.  The  chief  endeavor 
was  to  determine  the  border  lines  of  the  Lake  Michigan,  Saginaw,  and 
the  Erie  drift  movements.  This  study  occupied  him  until  early  in 
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November,  when  a  parallel  belt,  adjacent  on  the  south,  was  taken  up 
and  prosecuted  until  the  middle  of  December,  when  field  work  was 
discontinued.  The  winter  and  early  spring  months  were  spent  by  Mr. 
Leverett  in  the  mapping  of  his  data,  the  preparation  of  a  general 
map  to  embrace  all  the  investigations  of  the  Glacial  Division  about 
the  head  of  Lake  Michigan,  and  in  the  preparation  of  manuscript. 
On  June  4, 1888,  field  work  was  resumed  essentially  where  suspended, 
and  the  work  of  careful  delineation  of  the  various  phases  of  the  drift 
lying  between  the  Kankakee  Valley  and  the  Erie  Basin  in  northern 
Indiana  was  in  progress  at  the  close  of  the  year. 

Mr.  I.  M.  Buell,  special  assistant,  continued  at  intervals — as  his 
location  upon  the  field  permitted  him  to  do  advantageously — supple¬ 
mentary  field  observations  upon  the  bowlder  trains  from  the  isolated 
quartzite  outcrops  in  Dane  and  Jefferson  Counties,  Wis.,  upon  which 
he  had  been  previously  employed,  as  heretofore  reported.  The 
larger  portion  of  the  time  given  to  the  survey  was  devoted  to  the 
delineation  of  the  remarkable  drift  topography  of  the  region  and 
the  study  of  the  topographic  relations  of  the  phenomena  under  in¬ 
vestigation.  In  the  latter  part  of  the  season  the  topographic  work 
was  undertaken  by  Mr.  John  R.  Renshaw,  of  the  Geographic  Divis¬ 
ion.  The  remainder  of  Mr.  Buell’s  time  was  devoted  to  the  prepa¬ 
ration  of  matter  for  his  report. 

The  work  undertaken  by  Prof.  J.  E.  Todd,  assistant  geologist, 
consisted  essentially  of  a  continuation  of  his  examinations  of  the 
drift  deposits  of  the  Coteau  du  Plateau  du  Missouri,  between  lati¬ 
tudes  44°  N.  and  46°  N.  He  started  for  the  field  on  July  7,  and, 
aided  by  Mr.  L.  B.  Avery,  gave  his  attention  first  to  the  outer  moraine, 
the  nature  of  his  investigations  being  essentially  those  indicated  in 
my  previous  administrative  reports.  His  course  embraced  the  fol¬ 
lowing  points:  Highmore,  the  Great  Bend  of  the  Missouri,  Blunt, 
Pierre,  Fairbanks,  Forest  City,  Appomattox,  Gettysburgh,  Faulk- 
ton,  Pembroke,  Bangor,  Bowdle,  Leola,  and  Ellendale,  where,  Au¬ 
gust  12,  Mr.  Avery  left  the  work,  to  undertake  other  duties.  After 
August  16  Mr.  A.  H.  Robbins  aided  Professor  Todd  until  the  close 
of  the  season.  His  remaining  route  embraced  the  following  points: 
McIntosh  County,  Edgerly,  northwestern  Lamont  County,  Napo¬ 
leon,  Dawson,  Sterling,  Williamsport,  Hoskins,  central  McPherson 
County,  La  Grace,  Bowdle,  Ipswich,  and  Faulkton.  Six  dozen  pho¬ 
tographs  were  taken,  representing  characteristic  phases  of  the  mo¬ 
raines,  osars,  terraces  of  the  Missouri  River,  and  general  topog¬ 
raphy.  Such  time  as  he  was  engaged  upon  the  survey  during  the 
remainder  of  the  year  was  spent  in  the  preparation  of  a  systematic 
report  upon  the  drift  of  the  region  indicated. 

Prof.  L.  C.  Wooster  devoted  a  short  time  in  August  to  a  supple¬ 
mentary  study  of  the  territory  examined  by  him  during  the  preced¬ 
ing  year,  lying  between  the  Kankakee  Valley  and  Lake  Michigan, 
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in  Indiana.  Such  time  as  he  was  in  the  employ  of  the  Survey 
during  the  remainder  of  the  year  was  devoted  to  the  preparation  of 
his  report  upon  this  region. 

Prof.  George  H.  Stone  devoted  a  portion  of  his  time  during  the 
year  to  the  completion  of  his  report  upon  the  glacial  gravels  of 
Maine,  the  nature  of  which  is  set  forth  in  my  preceding  administra¬ 
tive  report.  His  manuscript  is  nearly  completed. 

My  own  work  during  the  year  consisted  of  little  more  than  the 
direction  of  the  preceding  operations,  a  small  amount  of  field  visita¬ 
tion  incident  thereto,  the  revision  of  manuscript  submitted  for  pub¬ 
lication,  and  the  reading  of  proof. 

Messrs.  Upham  and  Leverett  have  been  employed  continuously  in 
the  work  of  the  Survey  throughout  the  year;  all  others,  myself  in¬ 
cluded,  have  worked  upon  a  per  diem  basis,  in  connection  with  other 
employment  in  the  main  educational.  In  all  cases  I  think  the  serv¬ 
ice  rendered  had  been  large  in  proportion  to  the  time  charged  to  the 
Survey,  and  had  the  advantage  of  mature  and  deliberate  thought. 

Very  respectfully,  your  obedient  servant, 

T.  C.  Chamberlin. 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  TJ.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF.  S.  F.  EMMONS. 

Rocky  Mountain  Division, 

Washington,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  progress 
in  the  Rocky  Mountain  Division  under  my  charge  for  the  fiscal  year 
1887-88. 

As  the  past  year  has  been  essentially  one  of  retrenchment  and 
reduction  of  force,  no  new  piece  of  work  has  been  undertaken,  and, 
outside  the  areas  of  work  already  in  progress,  such  observations  only 
have  been  made  as  could  be  carried  on  at  little  expense,  and  in  more 
or  less  direct  connection  with  those  areas. 

In  accordance  with  your  instructions,  the  offices  and  laboratory  at 
Denver  were  given  up  at  the  commencement  of  the  calendar  year, 
and  the  collections  and  material  transferred  from  there  to  Washing¬ 
ton,  together  with  those  of  my  assistants  whose  services  were  not 
entirely  dispensed  with.  As  these  collections  had  been  accumulating 
during  the  seven  j^ears  that  the  Denver  office  has  been  in  existence, 
and  were  consequently  very  numerous,  aggregating  nearly  ten  thou¬ 
sand  specimens,  the  labor  of  re-arranging,  packing,  and  unpacking 
them  for  the  new  disposition  rendered  necessary  by  this  transfer  in- 
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velvet!  the  expenditure  of  a  very  considerable  amount  of  time  by 
myself  and  assistants  which  might  otherwise  have  been  employed 
upon  the  various  monographs  in  course  of  preparation. 

FIELD  WORK. 

The  season  for  field  work  this  year  extended  from  July  to  October, 
the  former  limit  being  fixed  by  the  time  at  which  the  appropriations 
became  available,  the  latter  by  the  fall  of  snow  in  the  mountains  to 
such  an  extent  as  to  obscure  the  geology.  The  work  was  carried 
on  in  the  area  covered  by  the  topographic  map  already  prepared, 
which  has  the  town  of  Crested  Butte,  in  Gunnison  County,  Colo. , 
for  its  center.  My  party  consisted  of  Assistants  Cross,  Eakins,  and 
Smith,  with  two  campmen  and  a  pack-train  outfit,  as  the  country  is 
too  rugged  to  be  reached  by  wagons.  Preliminary  geological  inves¬ 
tigations  had  already  been  carried  on  in  this  area  in  former  seasons, 
and  several  unconformities  discovered  which  have  an  important 
bearing  on  the  history  of  the  Rocky  Mountains,  as  outlined  in  my 
report  for  the  year  1884-’85.  During  the  year  1885-’86,  for  reasons 
already  given,  no  field  work  had  been  carried  on  there.  It  Avas  my 
intention  during  the  season  of  188G-’87  to  accomplish  the  final  out¬ 
lining  of  the  geologic  formations  and  the  solution  of  the  many  in¬ 
teresting  problems  involved,  with  special  reference  to  their  bearing 
upon  the  theory  of  the  formation  of  ore-deposits. 

When  in  the  year  1882  I  made  a  hasty  reconnaissance  through  the 
region  of  the  Elk  Mountains,  I  selected  this  area  of  about  seventeen 
by  thirty  miles  for  our  work,  for  the  reason  that  at  that  time,  in  ad¬ 
dition  to  its  great  interest  from  a  purely  geological  point  of  vieAv, 
it  promised  in  the  near  future  to  be  the  scene  of  the  most  important 
economic  developments  on  the  Avest  slope  of  the  mountains  in  Colo¬ 
rado.  Already  valuable  beds  of  bituminous,  coking,  and  anthracite 
coals  had  been  opened,  and  were  reached  by  branches  from  the 
Union  Pacific  and  Denver  and  Rio  Grande  Railroads  respectively. 
In  the  numerous  mining  districts  included  within  this  area  ex¬ 
tremely  promising  deposits  of  metallic  minerals  had  been  opened, 
and  the  geological  indications  Avere  such  as  to  justify  the  belief  that 
many  rich  bodies  of  ore  must  be  concentrated  in  these  mountains; 
hence  it  Avas  reasonable  to  expect  that  by  the  time  our  maps  Avere 
completed,  and  the  general  geologic  structure  of  the  region  prelimi¬ 
narily  determined,  a  large  number  of  deep  mines  would  have  been 
opened,  thus  affording  the  opportunities  for  under-ground  Avork, 
which  are  so  essential  for  obtaining  neAV  facts  bearing  upon  the  his¬ 
tory  and  origin  of  ore-deposits. 

The  progress  of  commercial  development  is,  hoAvever,  dependent 
upon  a  combination  of  factors,  all  of  which  it  is  impossible  to  fore¬ 
cast,  and  the  expectations  indulged  in  have  not  been  realized  up  to 
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this  time.  Owing  to  the  building  of  the  new  Colorado  Midland  Rail¬ 
road  across  the  mountains  and  the  pushing  of  an  opposition  line  by 
the  Denver  and  Rio  Grande  Company  down  the  valleys  tributary  to 
the  Upper  Grand  River,  industrial  development  has  followed  the 
northern  instead  of  the  southern  slopes  of  the  Elk  Mountains.  In 
this  region,  about  fifteen  to  twenty  miles  north  of  the  area  covered 
by  our  map,  large  and  valuable  coal  beds  have  been  opened,  iron 
ores  and  fine  building  and  ornamental  stones  have  been  discovered, 
and,  above  all,  extremely  rich  silver  deposits  have  been  vigorously 
developed  under  the  impetus  given  by  the  railroads.  The  ores  in  the 
neighborhood  of  Aspen  rival  those  of  Leadville  in  richness  and  in 
qualities  which  facilitate  reduction. 

For  the  rapid  development  of  mining  districts,  such  as  character¬ 
izes  our  Western  regions,  a  certain  amount  of  excitement  in  the  nat¬ 
ure  of  what  is  called  a  “boom”  is  an  essential  factor.  The  opening 
of  one  rich  mine  in  a  district  naturally  attracts  capital,  and  thus 
furnishes  the  means  of  developing  others,  for  the  discoverers  of  ore- 
deposits  are,  as  a  rule,  poor  men,  who  can  not  afford  to  open  their 
mines  without  outside  pecuniary  aid.  Consequently  miners  and 
prospectors  flock  at  once  to  the  scene  of  active  operations,  abandon¬ 
ing  temporarily  the  as  yet  undeveloped  mines  they  may  be  working 
upon,  however  promising  may  be  the  indications  of  ore  already 
obtained. 

Such  has  been  the  history  to  a  great  extent  of  the  area  which  we 
were  investigating.  To  my  disappointment  I  found  very  few  deep 
mines  regularly  working,  in  spite  of  the  excellent  promise  of  the 
region  from  a  geological  point  of  view,  and,  though  developments 
were  regularly  carried  on  in  the  coal  mines,  the  local  consumption 
of  their  product  was  extremely  limited.  For  this  reason  the  actual 
economic  investigations  in  the  region,  although  they  have  enabled 
me  to  make  some  generalizations  upon  the  structural  relations  of 
fissure  veins,  which  will,  I  think,  prove  of  practical  value  to  the 
miner,  have  not  been  as  fruitful  as  I  had  hoped. 

On  the  other  hand,  the  more  purely  scientific  results  of  our  work, 
which  are  to  be  distinguished  from  the  practical  one  mentioned  above 
not  by  an  absence  of  practical  bearing  but  in  that  this  bearing  is 
more  remote  and  indirect,  have  been  more  abundant  and  far  more 
important  than  we  had  anticipated  ;  especially  has  this  been  the  case 
in  regard  to  the  development  of  eruptive  rocks,  which  is  the  special 
province  of  Mr.  Cross.  The  only  regret  in  this  respect  has  been  that 
the  scale  and  accuracy  of  delineation  of  topographic  forms  presented 
by  our  map  are  not  such  in  all  parts  of  the  area  as  to  admit  of  the 
representation  thereon  of  all  the  details  of  geologic  structure  ob¬ 
served.  This  is  in  part  due  to  the  fact  that  Mr.  Karl,  who  made  the 
original  survey,  was  unavoidably  called  away  before  the  field  season 
was  completed,  and  in  part  to  the  adoption,  for  a  portion  of  the  area, 
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of  topography  made  by  members  of  the  Hayden  Survey,  which  did 
not  contemplate  the  amount  of  detail  which  we  find  necessary. 
Hence,  although  the  whole  area  was  examined,  and  our  notes  are 
such  as  to  enable  us  to  lay  down  the  geological  colors  upon  the  whole 
map,  I  deem  it  advisable  for  the  perfection  of  the  work  upon  a  scale 
of  accuracy  which  its  scientific  and  practical  importance  justifies, 
that  another  field  season  be  devoted  to  this  area;  and  I  would  suggest 
that  a  topographer  be  attached  to  the  party,  to  amplify  and  correct 
the  topography  where  the  complexity  of  the  geologic  structure  de¬ 
mands  it. 

During  the  season  I  made  a  personal  visit  to  the  neighboring  min¬ 
ing  district  of  Aspen,  partly  for  the  purpose  of  seeking  a  possible 
solution  of  certain  geologic  problems  which  could  not  be  definitely 
determined  in  the  area  covered  by  our  map,  and  partly  for  the  pur¬ 
pose  of  studying  the  remarkably  rich  ore  deposits  of  the  region,  in 
the  hope  that  I  might  be  able  in  a  short  visit  to  make  such  deter¬ 
mination  of  the  geologic  structure  of  the  region,  and  of  the  rela¬ 
tions  of  the  ore  deposits  to  it,  as  would  prove  of  practical  value  to 
those  engaged  in  exploring  and  working  them.  For  the  latter  pur¬ 
pose  I  found  that,  owing  to  the  peculiar  complication  of  the  structure, 
no  absolute  results  could  be  obtained  without  an  accurate  topo¬ 
graphic  map  of  an  area  about  three  or  four  miles  in  extent,  and  as - 
this  would  involve  the  expenditure  of  money  considerably  beyond 
that  contemplated  in  the  allotment  to  this  division,  I  confined  my 
observations  to  a  week's  study  of  the  few  general  facts,  which  could 
be  determined  without  a  map. 

After  the  close  of  the  field  season  I  visited  some  of  the  gold  mines 
in  the  Cretaceous  shales  near  Breckenridge,  and  the  Queen  of  the 
West  mine  near  Kokomo,  in  the  Ten-mile  district;  the  latter  mine, 
which  has  been  largely  opened  since  the  completion  of  our  field 
work  in  that  district,  presents  a  most  instructive  type  of  ore  deposits 
to  which  my  attention  had  been  called  during  my  work  in  the  Gun¬ 
nison  region,  and  whose  proper  development  is  particularly  depend¬ 
ent  upon  a  correct  understanding  of  its  structural  relations. 

OFFICE  WORK. 

Besides  the  preliminary  studies  necessary  for  a  proper  record  of 
field  observations  made  during  the  year,  all  the  members  of  the 
division  have  bean  engaged  in  the  final  preparation  of  the  two  forth¬ 
coming  monographs. 

Mr.  Eldridge  has  been  occupied  during  the  entire  year  upon  that 
of  the  Denver  Basin,  having  spent  no  small  portion  of  his  time  in 
necessary  modifications  of  the  topographic  basis.  Both  this  and 
that  upon  the^Ten-mile  and  Silver  Cliff  mining  districts  are  now  in 
an  advanced  state  of  preparation.  In  each  case,  however,  new  prob-  • 
lems.  involving  often  a  further  study  of  certain  points  in  the  field, 
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constantly  crop  out  as  the  work  proceeds.  As  the  final  publication 
of  these  monographs  is  necessarily  delayed  both  from  this  cause  and 
from  the  press  of  other  matter  at  the  Government  Printing  Office,  I 
have  thought  it  wise  to  publish  from  time  to  time,  in  scientific  peri¬ 
odicals,  digests  or  preliminary  notices  of  matters  of  general  and 
immediate  interest  in  advance  of  the  final  monographs.  In  pursu¬ 
ance  of  this  policy  and  under  your  authorization  I  have  myself  pub¬ 
lished  during  the  year  the  following  articles:  “On  the  Origin  of 
Fissure- Veins”;  “On  Glaciers  in  the  Rocky  Mountains”;  “  Prelimi¬ 
nary  Notes  on  Aspen';  “Structural  Relations  of  Ore-Deposits.” 

Mr.  Cross  has  published  a  paper  on  the  “Denver  Beds” — a  new 
Tertiary  deposit  occurring  in  the  Denver  Basin  region;  and  Mr.  El- 
dridge  a  preliminary  sketch  of  the  other  formations  occurring  in  that 
basin,  of  their  stratigraphic  relations  and  structural  features,  and 
of  the  deposits  of  coal  occurring  there. 

The  monograph  upon  the  Geology  and  Mining  Industry  of  Lead- 
Arille  was  finally  issued  in  September,  1887. 

Very  respectfully,  your  obedient  servant, 

S.  F.  Emmons, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  ARNOLD  HAGUE. 

Yellowstone  National  Park  Division, 

Wash  ington,  D.  C.,  June  30,  1888. 

Sir  :  I  have  the  honor  to  submit  herewith  the  following  report  of 
operations  conducted  under  my  charge  during  the  year  ending  J une 
30,  1889. 

In  accordance  with  your  instructions  to  begin  field  work  in  the 
mountains  adjoining  the  Yellowstone  Park  as  early  in  the  season  as 
the  retreating  snows  would  permit,  I  authorized  Mr.  J.  P.  Iddings 
to  leave  Washington  for  Bozeman,  Mont.,  to  engage  the  necessary 
camp  men  and  to  outfit  the  party  for  the  season  of  1887.  He  estab¬ 
lished  camp  just  outside  the  town  of  Bozeman  June  17,  and  after  the 
usual  delay  incident  to  such  preparatory  work  he  left  for  the  Mam¬ 
moth  Hot  Springs,  where  he  made  the  first  permanent  camp  for  geo¬ 
logical  work.  Detained  by  official  duties  in  Washington,  I  did  not 
reach  the  park  until  July  13,  where  I  found  most  of  the  corps  already 
assembled,  Mr.  Iddings,  with  a  party,  having  been  at  work  in  the 
Gallatin  Range,  and  Mr.  Walter  H.  Weed  busy  with  investigations 
connected  with  the  outlying  and  less  important  hot  spring  areas. 
The  organization  of  the  party  was  in  every  way  quite  as  satisfactory 
as  in  previous  years,  while  the  experience  gained  by  the  regular  mem- 
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bers  of  the  corps  in  this  special  field  of  research  added  greatly  to  the 
value  and  efficiency  of  the  work.  The  scientific  corps  of  assistants 
was  made  up  as  follows:  In  geology,  Mr.  J.  P.  Iddings  and  Mr.  W. 
H.  Weed,  the  regular  members  of  the  Yellowstone  Park  Division, 
and  Mr.  A.  C.  Gill,  of  Johns  Hopkins  University,  who  rendered 
efficient  service  as  volunteer  assistant  throughout  the  field  season; 
in  topography,  Mr.  Anton  Karl  was  in  charge,  engaged  in  making 
detailed  surveys  of  the  principal  geyser  basins  and  the  Mammoth 
Hot  Springs,  and  in  this  work  was  ably  assisted  by  Mr.  J.  R.  Bien 
and  Mr.  H.  B.  Williamson.  Mr.  E.  H.  Shuster  performed  the  duties 
of  secretary  and  disbursing  clerk. 

In  order  to  facilitate  the  work  and  to  meet  the  requirements  of  the 
topographic  branch  of  the  surveys  main  camps  were  established  in 
the  different  geyser  basins.  The  first  headquarter  camp  was  located 
at  the  Upper  Geyser  Basin,  followed  by  others  during  the  summer 
at  the  Lower  Geyser  Basin,  the  Norris  Geyser  Basin,  and  closing  the 
season  at  the  Mammoth  Hot  Springs.  This  arrangement  also  al¬ 
lowed  ample  time  for  the  annual  study  of  the  principal  hot  spring  and 
geyser  areas.  To  these  main  camps  the  parties  engaged  in  geological 
surveys  in  the  mountains  return  for  their  supplies  and  for  consulta¬ 
tions  over  the  problems  presented  in  the  advancement  of  the  work. 

Resuming  geological  work  immediately  to  the  eastward  of  the 
country  surveyed  the  previous  autumn,  the  greater  part  of  August 
and  September  was  spent  near  the  headwaters  of  the  Yellowstone 
and  Snake  Rivers,  among  the  mountains  of  the  northern  end  of  the 
Wind  River  Range  and  the  rough  country  connecting  the  latter  range 
with  the  Absarokas.  The  latter  part  of  the  season  was  occupied  in 
the  examination  of  the  mountains  along  the  eastern  side  of  the  park 
among  the  snow  fields  and  streams  which  supply  Yellowstone  Lake, 
the  grandest  single  reservoir  in  the  Rocky  Mountains. 

The  surveys  progressed  steadily  throughout  the  autumn  without 
serious  delays  or  obstacles  until  October  1,  when,  under  instructions, 
all  field  parties  returned  to  Mammoth  Hot  Springs,  and  from  that 
time  forward  the  work  was  confined  to  the  immediate  neighborhood 
of  the  springs  or  to  the  canon  of  the  Yellowstone.  On  October  17, 
topographical  surveys  having  been  completed,  work  in  the  park  was 
abandoned,  and  the  party  finally  disbanded  at  Bozeman,  Mont.,  Oc¬ 
tober  25.  Early  in  November  all  the  regular  assistants  reported  for 
duty  in  Washington  and  immediately  began  the  investigation  of  the 
rich  collection  of  geological  material  gathered  during  the  summer. 
For  the  greater  part  of  the  season  the  parties  were  engaged  in  the 
mountains  which  pour  their  waters  into  Yellowstone  Lake.  In  com¬ 
parison  with  its  size  the  drainage  area  of  the  lake  is  small.  This  is 
readily  accounted  for  by  its  great  altitude  above  sea  level  and  the 
very  favorable  conditions  of  the  surrounding  country  for  receiving 
a  heavy  snow-fall  throughout  eight  months  of  the  year.  Over  a 
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great  part  of  this  area  these  snows  are  protected  by  the  forests  from 
the  dry  westerly  winds,  and  the  water  is  allowed  to  percolate  the  soil 
gradually,  supplying  the  springs  and  streams  which '  feed  the  lake. 
The  timber  everywhere  comes  down  to  the  water's  edge.  The  alti¬ 
tude  of  Yellowstone  Lake  is  7,740  feet  above  sea  level,  with  a  surface 
area  of  139  square  miles  and  an  indented  shore-line  of  nearly  100 
miles.  As  yet  we  possess  but  little  accurate  knowledge  of  its  depth, 
although  there  is  no  question  that  it  presents  the  grandest  natural 
store-house  for  water  within  what  is  known  as  the  arid  region  of  the 
West.  If  the  broad  valley  of  the  Yellowstone  for  200  miles  is  ever 
to  be  settled  with  a  prosperous' people,  this  body  of  water  will  be  of 
inestimable  value  for  the  purposes  of  irrigation.  From  careful 
measurements  made  of  the  flow  of  the  Yellowstone  River  just  below 
the  outlet  of  the  lake  the  discharge  of  water  was  found  to  be  1,525 
cubic  feet  per  second,  or  about  34,000,000  imperial  gallons  per  hour. 
The  gauging  of  the  stream  took  place  in  September,  when  the  lake 
stood  at  a  lower  level  than  at  any  other  period  of  the  year.  But  few 
large  streams  flow  directly  into  the  lake,  the  Upper  Yellowstone  re¬ 
ceiving  by  far  the  greater  part  of  the  waters  from  the  mountains  be¬ 
fore  it  discharges  into  the  lake. 

Previous  to  this  season  the  source  of  the  Upper  Yellowstone,  so 
far  as  I  am  aware,  had  never  been  explored.  Reports. that  one  or  two 
hunters  previously  followed  up  the  river  have  reached  me  from  time 
to  time,  but  they  left  no  record  of  their  trip  behind,  and  I  saw  no 
evidence  of  man  near  the  source  of  the  stream.  The  river  rises  in 
an  immense  snow  field  on  the  north  side  of  an  isolated  peak,  about 
twenty-five  miles  south  of  the  southern  boundary  of  the  Park.  The 
peak  attains  an  elevation  of  over  12,250  feet  above  sea  level,  and  lias 
been  long  recognized  as  a  prominent  point  by  all  topographical 
survey  parties.  Although  never  visited,  it  has  been  designated  as 
Yount’s  Peak,  after  a  trapper  who  lived  for  a  long  time  along  the 
banks  of  the  Yellowstone.  Three  rivers — -the  Yellowstone,  Gray 
Bull,  and  Buffalo  Fork  of  Snake  River — find  their  sources  upon  the 
abrupt  slopes  of  this  peak.  To  the  southward  and  not  far  distant 
rises  the  Wind  River.  The  region  is  an  uncommonly  rough  one, 
with  profound  gorges  penetrating  far  into  the  mountains  and  sepa¬ 
rated  from  each  other  by  mere  knife-edges  of  rock.  The  entire 
country  is  made  up  of  volcanic  material,  for  the  most  part  andesitic 
breccia. 

On  May  1  the  Excelsior  Geyser,  in  the  Midway  Basin,  was  discov¬ 
ered  in  action,  but  as  the  telephone  wires  Avere  out  of  order,  no  report 
of  the  eruption  reached  the  Mammoth  Hot  Springs  until  several  days 
later.  Captain  Harris,  acting  superintendent  of  the  Park,  visited 
the  basin  on  May  9,  and  since  that  time  the  geyser  has  been  seen 
almost  daily,  with  no  indication,  so  far  as  reported,  of  any  falling 
off  in  the  intensity  of  the  eruptions.  In  the  autumn  of  1882  the 
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Excelsior  Geyser  was  frequently  seen  playing  with  great  violence, 
but  since  that  time  no  eruptions  have  been  witnessed,  and  all  evi¬ 
dence  of  action  within  the  interval  is  wanting.  If  the  information 
furnished  me  is  correct,  the  Excelsior  is  the  most  powerful  geyser  in 
the  park  to-day,  as  it  was  in  1882.  The  eruptions  took  place  at  in¬ 
tervals  of  about  one  hour,  varying  from  fifty-live  to  seventy  minutes. 
The  column  of  water  is  estimated  to  be  16  feet  in  diameter  at  the 
base  and  to  be  thrown  out  to  a  height  of  150  feet  into  the  air.  Dur¬ 
ing  the  early  eruptions  rocks  were  hurled  violently  from  the  crater, 
frequently  falling  one  or  two  hundred  feet  from  the  vent.  Captain 
Har  ris  has  kindly  forwarded  me  specimens  of  these  ejected  materials, 
which  consist  not  only  of  siliceous  sinter,  but  pieces  of  volcanic  lava, 
probably  from  the  underlying  rock.  That  the  Excelsior  should  have 
remained  dormant  for  six  years  after  the  grand  display  of  1882  and 
then  have  burst  forth  again  with  renewed  activity  and  energy  is 
certainly  very  remarkable.  The  cause  is  not  readily  seen.  With 
our  previous  knowledge  of  the  country  an  investigation  of  the  ground 
may  throw  some  additional  light  upon  the  subject  of  thermal  activ¬ 
ity  in  this  region.  I  anticipate  that  a  study  of  the  changes  produced 
by  this  sudden  outbreak  will  at  least  furnish  some  valuable  data 
bearing  upon  the  geological  questions  involved. 

During  the  winter  and  spring  the  force  in  the  office  has  been  con¬ 
stantly  engaged  upon  the  results  obtained  in  the  field,  writing  out  in 
permanent  form  the  field  notes  and  at  the  same  time  carrying  on  a 
number  of  investigations  upon  various  subjects  connected  with  the 
problems  presented  in  the  Park.  In  addition  to  this  work  much 
time  has  been  devoted  to  the  general  question  of  the  origin  and 
classification  of  the  crystalline  rocks  and  their  mode  of  occurrence. 
This  is  an  investigation  presenting  fresh  problems  from  year  to  year, 
but  which  promises  at  no  distant  day  to  furnish  important  results. 
In  this  work  we  have  had  much  valuable  aid  from  the  Chemical  Di¬ 
vision  of  the  Survey,  which  has  furnished  us  with  a  large  number  of 
chemical  analyses  of  volcanic  rocks. 

Since  his  return  to  the  office  Mr.  Anton  Karl  has  prepared  seven 
maps,  the  result  of  his  last  season's  field  work,  as  follows: 

No.  1.  Fivehole  River,  Upper  Geyser  Basin;  scale,  1  inch  to  200  feet;  contour 
interval  5  feet. 

No.  2.  Upper  Geyser  Basin;  scale,  1  inch  to  500  feet;  contour  interval  20  feet. 

No.  3.  Midway  Basin;  scale,  1  inch  to  100  feet;  contour  interval  5  feet. 

No.  4.  Lower  Geyser  Basin;  scale,  1  inch  to  600  feet;  contour  interval  10  feet. 

No.  5.  Norris  Geyser  Basin;  scale,  1  inch  to  300  feet;  contour  interval  10  feet. 

No.  6.  Mammoth  Hot  Springs  and  Terraces;  scale,  1  inch  to  200  feet;  contour  in¬ 
terval  5  feet. 

No.  7.  Mammoth  Hot  Springs  Basin;  scale,  1  inch  to  800  feet;  contour  interval 
20  feet. 

On  these  maps  Mr.  Karl  has  located  all  the  geysers  and  hot  springs 
within  the  area  surveyed  and  delineated  the  physical  features  of  the 
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country  in  a  manner  to  meet  all  the  requirements  of  science  and  the 
needs  of  tourists  who  every  year  visit  the  Park.  The  maps  are  fine 
examples  of  topographical  work,  highly  creditable  to  Mr.  Karl  and 
the  Geological  Survey. 

With  your  approval,  I  published  in  the  American  Journal  of  Sci¬ 
ence,  September,  1887,  a  short  paper  entitled,  “  Notes  on  the  Deposi¬ 
tion  of  Scorodite  from  Arsenical  Waters  in  the  Yellowstone  Na¬ 
tional  Park.”  Scorodite,  a  hydrous  arseniate  of  iron,  occurs  both 
crystalline  and  amorphous  in  widely  separated  localities,  but  so  far 
as  I  am  aware  this  deposition  from  thermal  waters  has  never  been 
noticed.  Nearly  all  the  hot  waters  of  the  geyser  basins  carry  arsenic, 
but  only  in  a  few  instances  do  the  conditions  seem  favorable  for  the 
deposition  and  preservation  of  scorodite.  It  is  found  at  Joseph’s 
Coat  Springs,  on  the  east  side  of  the  Yellowstone  Canon,  and  also  at 
the  Constant  Geyser,  in  the  Norris  Geyser  Basin,  where  it  occurs  as 
a  deep-green  amorphous  mineral.  Scorodite  is  decomposed  readily 
into  limonite,  which  in  turn  disintegrates  and  is  mechanically  car¬ 
ried  away  by  running  water.  The  value  of  this  water  for  medicinal 
purposes  can  only  be  determined  after  long  experience  under  proper 
medical  guidance.  Arsenical  waters  of  sufficient  strength  to  be  of 
value  in  medicine  are  of  rare  occurrence  and  unknown  to  America. 
The  experience  of  thousands  of  invalids  at  the  famous  sanitarium  of 
LaBourboule,in  the  volcanic  district  of  the  Auvergne,  attests  the  re¬ 
medial  properties  of  arsenical  waters.  The  chemical  investigation 
of  the  thermal  waters  of  the  Yellowstone  National  Park  undertaken 
by  the  Geological  Survey  may  prove  them  to  possess  valuable  cura¬ 
tive  properties. 

In  addition  to  his  other  duties,  Mr.  hidings,  during  the  winter,  de¬ 
voted  considerable  time  to  a  study  of  a  collection  of  volcanic  rocks 
brought  in  from  northwestern  New  Mexico  in  the  autumn  of  1887 
by  the  Director  of  the  Geological  Survey  and  Mr.  W.  H.  Holmes. 
The  rocks  presented  so  many  features  of  special  interest  to  students 
of  volcanic  lavas,  that  Mr.  Iddings  prepared  a  short  paper,  to  be  pub¬ 
lished  as  a  bulletin  of  the  Geological  Survey,  giving  the  principal  re¬ 
sults  of  his  investigations.  The  paper  is  entitled,  “A  Group  of  Vol¬ 
canic  Rocks  from  the  Tewan  Mountains,  New  Mexico,  and  on  the 
Occurrence  of  Primary  Quartz  in  Basalt.”  The  rocks  consisted 
chiefly  of  rhyolite,  rhyolitic  tufa,  and  ash.  with  some  andesites  and 
basalts.  The  rhyolites  are  characterized  for  the  most  part  by  abun¬ 
dant  porphyritic  crystals  of  quartz  and  sanidine.  The  andesites 
range  from  mica-andesite  through  hornblende-mica  and  liornblende- 
pyroxene-andesites  to  pyroxene-andesites,  the  most  basic  variety  being 
hypersthene-andesite.  The  basalts  present  several  varieties;  those 
from  Rio  Grande  Canon  are  remarkable  for  the  abundance  of  rounded 
grains  of  quartz.  The  whole  group  of  rocks  forms  a  characteristic 
series  from  rhyolite  to  basalt,  whose  mineral  composition  varies  from 
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one  extreme  to  tlie  other.  The  second  part  of  the  bulletin  describes 
several  other  occurrences  of  quartz-bearing  basalt,  among  them  one 
from  Santa  Maria  Basin,  Arizona,  collected  by  Clarence  King,  and 
another  from  Elk  Creek,  Colorado.  The  paper  discusses  the  possible 
physical  features  which  may  have  attended  the  crystallization  of  the 
quartz  in  such  a  basic  magma,  and  shows  that  quartz -bearing  basalts 
in  some  instances  have  the  same  chemical  composition  as  basalts  with¬ 
out  quartz.  Mr.  Iddings  reaches  the  conclusion  that  such  quartz 
grains  are  to  be  attributed  to  certain  physical  conditions  attending 
the  early  existence  of  the  molten  magma  rather  than  to  the  chemical 
composition.  He  suggests  that  the  crystallization  of  quartz  from  a 
basaltic  magma  may  be  due  to  the  influence  of  absorbed  water  vapor 
under  great  pressure,  as  has  been  shown  to  be  the  case  in  the  occur¬ 
rence  of  fayalite  in  rhvolitic  obsidian. 

Mr.  W.  H.  Weed  has  devoted  considerable  time  to  the  preparation 
of  a  paper  upon  the  algeous  growths  found  in  the  hot  springs  and 
pools  throughout  the  Yellowstone  National  Park.  The  influence  of 
these  low  forms  of  vegetable  life  in  secreting  the  silica  contained  in 
these  waters  can  hardly  be  overestimated,  and  is  certainly  far  greater 
than  one  would  at  first  be  led  to  suppose.  Mr.  Weed  gathered  a 
large  amount  of  material  bearing  upon  this  subject,  and  his  knowl¬ 
edge  of  geology,  botany,  chemistry,  and  microscopy  were  all  brought 
to  his  aid  in  the  investigation.  As  the  article  is  to  appear  as  an 
accompanying  paper  to  the  Ninth  Annual  Report  of  the  Director,  a 
more  extended  notice  in  this  place  seems  unnecessary. 

Very  respectfully,  your  obedient  servant, 

Arnold  Hague, 
Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington ,  D.  C. 


REPORT  OF  CAPTAIN  C.  E.  DUTTON. 

Division  of  Volcanic  Geology, 

Washington,  June  30,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  the  work 
done  in  the  division  under  my  charge  during  the  fiscal  year  of  1887-88: 

In  the  field  Mr.  J.  S.  Diller  completed  the  geological  survey  of 
the  district  tributary  to  Lassen  Peak,  and  also  the  district  which  em¬ 
braces  the  northern  part  of  the  Sacramento  Valley  in  California. 
His  report,  which  has  already  been  forwarded  for  publication,  adds 
much  to  our  knowledge  of  the  geology  of  those  tracts  and  clears  up 
many  important  questions.  His  lithological  work  is  of  special  value, 
as  it  brings  to  light  some  new  and  important  facts  respecting  the 
constitution  and  genesis  of  the  volcanic  rocks  of  this  region. 
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The  project  for  work  in  the  Cascade  region  has  been  extended  in 
its  scope.  Originally  it  was  intended  to  carry  the  survey  from  the 
fortieth  parallel  northward  to  the  forty-ninth  in  such  manner  as  to 
include  only  the  strip  of  country  embraced  between  the  one  hun¬ 
dred  and  twenty-first  and  one  hundred  and  twenty-third  meridians, 
and  the  topographic  survey  had  been  planned  and  begun  in  con¬ 
formity  with  this  project.  The  progress  of  the  geological  investiga¬ 
tion,  a  portion  of  which  followed  the  topographic  work,  while 
another  portion  in  the  nature  of  thorough  reconnaissance  preceded 
it,  developed  clearly  the  fact  that  such  limits  were  arbitrary  and 
illogical.  The  proposed  lines  would  cut  off  large  and  important 
portions  of  a  geological  province  essential  to  its  proper  understand¬ 
ing.  The  Cascade  Range  and  all  the  country  to  the  west  of  it  con¬ 
stitute  both  a  geologic  and  a  geographic  unit,  which  can  not  properly 
be  thus  dissociated. 

The  Coast  Range,  from  the  fortieth  parallel  to  Puget  Sound,  is  a 
region  which  seems  at  first  to  be  dissociated  from  and  strongly  con¬ 
trasted  with  the  Cascade  Range;  and  indeed  the  contrast  is  in  some 
important  respects  magnified  rather  than  diminished  by  further 
investigation.  But,  on  the  other  hand,  it  has  been  found  that  there 
is  a  dependence  between  the  two  ranges  so  close  and  inseparable,  that 
they  may  be  regarded  as  one  region,  having  a  common  and  interde¬ 
pendent  history.  The  evolution  of  the  one  is  a  half  phase  of  the 
evolution  of  the  other.  The  study  of  both  must  eventually  throw 
great  light  upon  the  geologic  history  of  the  western  portion  of  the 
continent.  It  has  therefore  been  deemed  best  to  extend  the  field  of 
inquiry  so  as  to  include  all  of  the  country  between  the  Great  Basin 
region  and  the  Pacific  Ocean  and  north  of  the  fortieth  parallel,  irre¬ 
spective  of  particular  meridians.  The  whole  forms  a  single  geolog¬ 
ical  province,  with  a  history  of  its  own.  Nor  are  its  lithologic  and 
mineralogic  features  less  distinctive. 

The  detailed  geological  work  in  this  field  during  the  past  season 
has  been  limited  to  that  accomplished  by  Mr.  Diller,  as  already  men¬ 
tioned.  Previous  reconnaissances  are  already  sufficiently  in  advance 
of  the  topographic  work,  which  has  proceeded  rather  slowly.  The 
extreme  ruggedness  of  the  country,  the  comparative  shortness  of 
the  field  season,  and  the  smoke  which  fills  the  air  and  seriously  ob¬ 
structs  topographic  work  are  the  reasons  why  the  advance  of  the 
latter  is  relatively  slow.  During  the  past  season,  however,  consid¬ 
erable  progress  was  made  in  the  topographic  survey  of  the  south¬ 
western  corner  of  Oregon,  and  another  season  will  probably  yield 
the  maps  which  will  be  necessary  for  entering  the  Coast  Range  in 
northern  California  and  southern  Oregon. 

My  own  labors  were  not  in  the  field  during  the  past  year.  The 
completion  of  the  investigation  of  the  Charleston  earthquake  fully 
occupied  my  time,  and  the  work  proved  to  be  much  more  protracted 
9  geol - 7 
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and  difficult  than  was  anticipated.  The  monograph,  however,  has 
been  completed  and  is  this  day  forwarded  and  submitted,  with  a 
view  to  its  publication  in  the  present  volume. 

Very  respectfully, 

C.  E.  Dutton, 

Captain  of  Ordnance. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  J.  S.  DILLER. 

Division  of  Petrography, 

Washington,  D.  C.,  July  1,  1888. 

Sir:  Herewith  I  have  the  honor  to  submit  a  report  of  work  done 
in  the  Petrographic  Laboratory,  under  my  supervision,  for  the  fiscal 
year  ending  June  30,  1888: 

Many  specimens  of  rocks  and  minerals  have  been  submitted  to 
the  laboratory  for  determination,  with  queries  in  many  cases  as  to 
their  importance  and  value  for  particular  purposes.  The  determi¬ 
nation  of  such  specimens  is  sometimes  a  matter  of  considerable  in¬ 
terest,  and  yields  results  of  scientific  as  well  as  economic  value. 

In  a  furnace  slag  from  western  Pennsylvania  was  found  an  abun¬ 
dance  of  Gelilenite — a  silicate  of  alumina,  iron,  and  lime — which  has 
not  been  previously  reported  as  occurring  in  this  country.  It  is 
of  interest  chiefly  to  those  who  are  studying  or  teaching  petrography, 
and  desire  to  obtain  a  good  example  of  a  quadratic  mineral  to  illus¬ 
trate  the  optical  properties  of  that  system. 

The  presence  of  chalk  in  this  country  has  been  a  matter  of  doubt 
for  many  years.  Mr.  R.  T.  Hill  has  recently  described  formations 
in  Texas  which  in  their  chemical  composition,  physical  features, 
and  geological  history  he  maintains  are  essentially  chalk.  A  micro¬ 
scopical  examination  reveals  the  fact  that,  like  similar  formations  in 
Europe,  they  are  made  up  of  the  remains  of  foraminiferal  organisms, 
and  are  true  chalk. 

In  cooperation  with  Prof.  F.  W.  Clarke,  who  was  studying  chemi¬ 
cally  the  genesis  of  the  nickel  ore  genthite,  a  microscopical  exami¬ 
nation  was  made  of  the  ore  and  of  the  rock  with  which  it  is  associ¬ 
ated  at  Riddles,  Oregon,  as  well  as  in  North  Carolina  and  New  Cale¬ 
donia.  The  result  fully  confirmed  Prof.  Clarke’s  view,  that  the  ore 
was  produced  by  the  alteration  of  nickeliferous  olivine  in  the  ad¬ 
jacent  peridotite.  Of  all  eruptive  rocks  peridotite  is  the  richest  in 
precious  gems,  and  it  isvfound  occasionally  containing  valuable  ores 
and  metals.  It  is  well  known  in  many  cases  to  be  the  home  of  the  dia¬ 
mond,  precious  garnets,  pyroxenes,  peridotes,  and  platinum,  and  upon 
its  borders  have  been  found  valuable  deposits  of  corundum  and  its 
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gems,  as  well  as  masses  of  iron  ore  and  cliromite,  and  to  this  list  may 
also  be  added  genthite.  The  results  of  the  investigation  have  been 
published. 1 

One  of  the  most  remarkably  pleochroic  minerals  known  has  re. 
cently  been  found  at  Harlem,  N.  Y. ,  and  identified  as  dumortierite, 
a  mineral  which  has  hitherto  been  found  only  near  Lyons,  France. 
Among  a  lot  of  specimens  recently  sent  from  Arizona  to  Prof.  F.  W. 
Clarke,  for  identification,  the  same  mineral  has  been  discovered. 
On  account  of  its  petrographic  importance  the  results  of  its  study 
will  soon  be  published. 

Silica  is  by  far  the  most  abundant  of  all  rock  constituents.  It  lias 
been  estimated  to  form  half  of  t  he  earth’s  crust.  In  a  great  majority 
of  eruptive  rocks  it  forms  a  much  larger  proportion,  rising  even  as 
high  as  eighty  per  cent,  of  the  mass.  It  is  of  special  economic  in¬ 
terest  in  being  the  most  important  gangue  of  precious  metals  and 
their  ores.  In  the  Far  West,  when  a  prospector  is  searching  for  gold 
in  its  native  haunts  he  looks  for  quartz.  Any  line  of  investigation 
which  promises  to  contribute  to  our  knowledge  of  the  origin  and 
genesis  of  quartz  may  therefore  be  regarded  as  worthy  of  particular 
attention. 

The  latest  lava  erupted  in  the  vicinity  of  Lassen  Peak  is  basalt, 
rich  in  quartz,  and  the  consideration  of  it  has  opened  up  the  question 
of  the  origin  of  porphyritic  quartz  in  all  lavas  as  well  as  in  plutonic 
rocks.  A  survey  of  the  whole  field  furnishes  strong  evidence  in  favor 
of  the  view  that  porphyritic  quartz  is  one  of  the  first  minerals  to  crys¬ 
tallize  in  the  eruptive  rock  in  which  it  is  contained.  It  appears  to 
have  originated  under  conditions  of  extreme  pressure,  which  perhaps 
would  not  allow  complex  molecules  like  those  of  the  iron-magnesian 
silicates  to  form.  This  view  is  at  variance  with  the  generally  accepted 
opinion  of  Rosenbusch,  and  the  point  at  issue  is  of  great  importance 
in  considering  the  relations  between  the  mineralization  of  a  magma 
and  its  volcanic  activity. 

Within  the  last  few  months  the  material  already  collected  for  the 
educational  series  of  rocks  has  been  brought  together  and  it  is  being 
trimmed  for  distribution.  When  the  two  hundred  collections  con¬ 
templated  in  the  original  plan  are  completed,  each  one  will  contain 
one  hundred  and  twenty -eight  specimens.  Of  this  number  there 
will  be  sixteen  to  illustrate  the  condition,  structural  features,  and 
decay  of  rocks;  there  will  be  forty-seven  non-crystalline  stratified 
rocks;  twenty-three  crystalline  stratified  rocks;  and  forty-two  mas¬ 
sive  or  eruptive  rocks.  Nine  thousand  eight  hundred  specimens 
have  already  been  collected,  and  arrangements  have  been  made  to  col¬ 
lect  over  fifteen  thousand  during  the  approaching  field  season.  Most 
of  these  will  be  gathered  by  geological  field  parties  without  greatly 
increasing  their  expenses.  The  preparation  of  the  material  for  dis- 
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tribution  after  it  lias  been  collected  will  be  delayed  somewhat  await¬ 
ing  the  publication  of  reports  in  which  the  specimens  are  described. 
The  numerous  applications  already  received  for  the  series  clearly 
indicate  the  need  of  it,  and  it  is  believed  the  series  will  be  a  useful 
aid  in  the  cause  of  popular  education. 

Mr.  Hermann  Ohm  has  been  engaged  continuously  in  the  prepara¬ 
tion  of  thin  sections  and  polishing  specimens  for  study.  During 
nine  months  he  was  assisted  by  Frederick  C.  Ohm  and  W.  S.  Hun- 
nell,  who  were  for  three  months  detailed  to  other  divisions  of  the 
Survey.  Three  thousand  four  hundred  and  six  thin  sections  of 
ordinary  size  and  fifty-one  of  extra  large  size  have  been  prepared 
during  the  year.  Seventy-two  specimens  were  ground  and  polished. 

During  the  last  two  months  Mr.  W.  B.  Smith  has  been  engaged  in 
trimming  specimens  for  the  educational  series  of  rocks. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

J.  S.  Diller, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  GEORGE  F.  BECKER. 

California  Division, 

Washington,  D.  C.,  July  1.  1888. 

Sir:  At  the  beginning  of  the  last  fiscal  year  my  report  on  the  Geol¬ 
ogy  of  the  Quicksilver  Deposits  of  the  Pacific  Slope  was  almost  com¬ 
plete,  and  I  transmitted  to  you  a  summary  of  the  work,  which  appeared 
in  your  Eighth  Annual  Report.  The  manuscript  was  actually  trans¬ 
mitted  on  July  19.  A  few  days  subsequently  I  made  a  somewhat 
important  discovery  connected  with  the  subject.  It  is  that,  while 
ammonium  carbonate  completely  precipitates  cinnabar  from  natural 
solutions  at  ordinary  temperatures,  the  presence  of  this  substance  at 
temperatures  above  the  boiling  point  and  at  corresponding  pressures 
is  compatible  with  the  solution  of  large  quantities  of  cinnabar.  This 
discovery  explains  the  fact  that  while  at  Sulphur  Bank  there  is 
much  evidence  that  the  deposition  of  cinnabar  is  still  in  progress,  no 
trace  of  mercury  can  be  detected  in  the  waters  of  the  hot  springs; 
for  these  are  ammoniacal.  When  the  Sulphur  Bank  was  first 
exploited  no  cinnabar  appeared  at  the  surface,  and  the  ore  was  not 
discovered  until  considerable  excavations  had  been  made.  This  fact- 
had  always  seemed  to  me  very  strange,  but  it  is  now  explained  by 
the  behavior  of  ammonia.  The  sulphide  was  all  precipitated  before 
the  water  could  reach  the  surface.  The  Sulphur  Bank  thus  affords 
a  very  remarkable  instance  of  the  precipitation  of  ores  by  relief  of 
pressure  and  diminution  of  temperature;  one  in  which  a  natural 
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process  assumes  the  form  of  a  “quantitative  separation.”  Its  eluci¬ 
dation  renders  our  knowledge  of  the  methods  in  which  cinnabar 
and  the  minerals  associated  with  it  are  dissolved  and  precipitated 
fairly  satisfactory. 

During  the  year  I  have  made  a  very  careful  microscopic  study  of 
the  ores  and  rocks  of  Almaden,  for  the  sake  of  comparing  its  geology 
with  that  of  the  deposits  of  the  Pacific  slope.  All  the  observers 
who  have  published  geological  descriptions  of  this  mine  have  reached 
or  adopted  the  conclusion  that  cinnabar  has  been  deposited  by  sub¬ 
stitution  for  the  more  or  less  indurated  quartz  sandstone  forming 
the  country  rock.  No  such  substitution  occurred  in  California,  and 
it  was  one  of  the  main  purposes  of  my  visit  to  Spain  to  study  this 
phenomenon.  My  observations  in  the  mine  and  microscopical  studies 
of  the  ore  show  that  the  hypothesis  of  substitution  is  erroneous. 
The  cinnabar  at  Almaden,  like  that  of  California,  has  been  deposited 
exclusively  in  pre-existing  openings,  and  it  is  everywhere  accom¬ 
panied  by  gangue-quartz,  which  has  crystallized  from  the  same  solu¬ 
tions  at  the  same  time,  excepting  in  the  rare  cases  in  which  heavy 
spar  plays  the  part  of  gangue  mineral. 

The  Almaden  mine,  in  my  opinion,  is  opened  on  three  true  simple 
fissure  veins,  nearly  but  not  accurately  coinciding  with  the  strati¬ 
fication  of  the  country.  The  vein  matter  consists  of  fragments  of 
wall  rock  more  or  less  impregnated  with  ore,  which  also  occupies 
the  cracks  between  the  fragments.  The  cinnabar  is  everywhere  ac¬ 
companied  by  pyrite  and  by  quartz  or  barite.  Dikes  of  diabase  occur 
in  the  mine.  They  are  much  decomposed,  and  contain  cinnabar  in 
cracks  and  vesicular  cavities.  The  ore  deposition  was  therefore  sub¬ 
sequent  to  the  eruption  of  diabase,  and  it  was  probably  a  consequence 
of  the  eruption.  The  famous  “piedra  frailesca”  is  not,  in  my  opin¬ 
ion.  eruptive  but,  as  De  Prado  considered  it,  a  breccia  of  sedimentary 
rocks. 

In  October  last  I  was  requested  to  contribute  to  Mr.  Edward  At¬ 
kinson’s  report  on  Bimetallism  in  Europe  an  opinion  as  to  the  future 
yield  of  the  precious  metal  mines  and  the  probable  relative  prices 
of  gold  and  silver. 

A  portion  of  my  attention  during  the  past  year  has  also  been  de¬ 
voted  to  subjects  to  which  I  hope  to  call  your  attention  on  a  future 
occasion,  but  which  are  not  yet  sufficiently  advanced  to  be  reported 
upon. 

The  preliminary  survey  of  the  Gold  Belt,  the  character  of  which 
is  described  in  my  last  report,  has  been  advancing  steadily  during 
the  past  year,  and  will  continue  to  progress  as  fast  as  the  topograph¬ 
ical  maps  are  furnished  me.  Many  facts  of  great  interest  have  been 
discovered,  but  it  is  not  my  purpose  to  elaborate  special  features  of 
the  geology  of  the  region  until,  the  preliminary  survey  and  map 
being  complete,  I  am  fully  acquainted  with  the  opportunities  pre- 
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sented  for  the  study  of  the  principal  questions  involved.  One  im¬ 
portant  addition  to  our  means  of  arriving  at  conclusions  concerning 
the  metamorphic  rocks  of  the  Belt  has  recently  been  made  by  Mr. 
H.  W.  Turner,  who  has  found  Aucella  in  Tuolumne  County,  in  which 
this  important  fossil  had  not  hitherto  been  detected. 

During  the  year  Messrs.  Melville  and  Lindgren  have  transmitted 
the  manuscript  of  a  bulletin,  “  Contributions  to  the  Mineralogy  of  the 
Pacific  Coast,”  recording  a  number  of  novel  observations  made  on 
the  collections  for  the  geology  of  the  quicksilver  deposits.  Messrs. 
Melville  and  Turner  have  also  completed  a  bulletin  on  the  geology 
of  Monte  Diablo.  The  field  work  and  geological  map  are  by  Mr. 
Turner,  while  Dr.  Melville  has  made  a  chemical  investigation  of  the 
metamorpliism;  a  very  important  study.  Much  work  has  been  done 
for  Monograph  XIII  and  for  this  bulletin  on  the  subject  of  meta¬ 
morphism;  but  these  are  only  beginnings.  We  already  know  of  pro¬ 
cesses  of  metamorpliism  in  the  Sierra,  which,  though  analogous  to 
that  studied  in  the  Coast  Ranges,  present  great  peculiarities;  and  I 
have  no  intention  of  relaxing  my  efforts  to  contribute  to  this  sub¬ 
ject  until  the  geology  of  the  Gold  Belt  is  completed  as  far  as  I  am 
able  to  carry  it. 

Very  respectfully,  your  obedient  servant, 

G.  F.  Becker, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington ,  D.  C. 


REPORT  OF  MR.  W  J  McGEE. 

Potomac  Division  of  Geology, 

Washington,  D.  C\,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  operations 
in  the  Potomac  Division  of  Geology  during  the  fiscal  year  ending 
June  30,  1888: 

FIELD  work. 

Researches  in  the  Middle  Atlantic  Slope. — As  during  preceding 
years,  frequent  opportunities  were  found  in  the  intervals  of  office 
work  for  noting  the  exposures  afforded  by  natural  and  artificial  ex¬ 
cavations  in  the  District  of  Columbia  and  vicinity,  and  somewhat 
voluminous  notes,  together  with  sketches  and  photographs  of  inter¬ 
esting  exposures,  were  made  and  preserved.  The  geologic  phenom¬ 
ena  of  the  District  are  obscure  and  puzzling;  their  significance  could 
be  interpreted  only  after  the  development  of  special  methods  of  re¬ 
search  and  new  criteria  of  discrimination  and  classification.  Never¬ 
theless  they  are  typical  for  a  considerable  part  of  the  middle  Atlantic 
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slope,  of  which  the  history  has  not  yet  been  read  in  detail.  So  un¬ 
usual  caution  was  required  at  every  step,  and  the  investigation  has 
necessarily  been  slow.  It  is  believed,  however,  that  the  requisite 
methods  and  criteria  have  now  been  developed,  and  that  by  far  the 
larger  part  of  the  data  required  for  monographing  the  region  in  a 
satisfactory  manner  have  been  accumulated. 

The  formations  and  the  topographic  provinces  represented  in  the 
District  extend  southward  and  northward  for  long  distances,  and 
different  journeys,  already  reported,  have  been  taken  in  both  direc¬ 
tions,  with  the  object  of  gaining  clearer  insight  into  the  history  re¬ 
corded  alike  in  the  formations  and  in  the  configuration  of  hills  and 
valleys.  Another  such  journey  was  made  during  the  closing  days 
of  July  and  the  early  part  of  August  hast.  It  covered  the  ground  in 
the  vicinity  of  the  fall  line  between  Washington  and  New  York, 
and  was  made  on  horseback.  Since  I  had  the  pleasure  of  your  com¬ 
pany  during  half  the  trip,  it  will  suffice  to  say  merely  that  many 
new  data  were  collected  concerning  (1)  the  Potomac  and  Columbia 
formations,  ($)  the  great  displacement  of  the  middle  Atlantic  slope, 
(3)  the  history  of  river  development  of  the  region,  and  (4)  the  origin 
and  relations  of  the  relic-bearing  Trenton  gravels. 

A  synopsis  of  results  of  the  investigations  of  the  last  five  years  in 
the  middle  Atlantic  slope  appeared  in  the  American  Journal  of 
Science  for  February,  April,  May  and  June  of  this  year. 

In  the  researches  in  this  region,  attention  has  been  given  chiefly 
to  the  clastic  and  generally  unconsolidated  deposits  of  Mesozoic  and 
Cenozoic  age  and  to  the  correlative  phenomena  of  erosion,  but  atten¬ 
tion  has  been  incidentally  given  throughout  to  the  crystalline  rocks 
of  the  Piedmont  belt;  and  during  the  latter  portion  of  the  year  Dr. 
George  H.  Williams,  of  the  Johns  Hopkins  University,  Baltimore, 
in  his  intervals  of  leisure,  has  been  employed  under  my  general  di¬ 
rection  in  investigating  the  structural  relations  of  these  rocks  about 
Baltimore  and  along  the  Susquehanna  River.  The  results  of  some 
portions  of  Dr.  Williams’s  admirable  researches  have  come  to  your 
knowledge  directly  and  have  been  made  public  from  time  to  time 
by  your  permission,  and  the  work  requires  no  further  mention  here. 

Researches  in  Missouri.—  In  accordance  with  your  instructions  I 
visited  Macon  County,  Mo.,  toward  the  end  of  September  last,  and 
made  a  study  of  the  local  geologic  phenomena  and  their  bearing 
upon  questions  relating  to  artesian  water  supply,  natural  gas, 
coal,  etc.,  in  northern  and  central  Missouri.  The  tract  selected  for 
special  study  is  the  southern  central  quarter  of  Macon  County.  Its 
geologic  structure  is  simple,  but  representative  of  that  of  a  consid¬ 
erable  part  of  the  State.  Within  it  occur  considerable  coal  fields,  one 
of  which — the  Bevier  field — is  regarded  as  among  the  best  in  the 
trans-Mississippi  coal  basin;  and  since  it  lias  been  neglected  by  geol¬ 
ogists  since  1855,  it  afforded  a  practically  new  field  for  investigation. 
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as  well  as  one  in  whose  resources  the  citizens  of  the  State  were  es¬ 
pecially  interested.  The  investigation  was  made  in  such  manner  as 
seemed  best  to  meet  the  requirements  of  the  citizens  of  northern 
Missouri,  and  its  results  were  communicated  to  the  public  orally  as 
well  as  through  the  press  of  Macon.  A  more  formal  report  was 
subsequently  prepared,  and  in  order  that  it  might  promptly  reach 
the  people  of  the  State,  it  was  conveyed  to  the  Academy  of  Science 
of  St.  Louis  for  publication.  It  has  already  appeared  as  one  of  the 
memoirs  in  volume  V  of  the  Transactions  of  that  society,  as  well  as 
in  separate  form. 

Researches  in  Kansas. — The  surveys  of  areal  geology  and  the  in¬ 
vestigations  of  natural  gas.  petroleum,  salt,  etc.,  commenced  during 
a  previous  year  in  southeastern  Kansas,  by  Mr.  Robert  Hay,  were 
discontinued  during  most  of  the  year  by  reason  of  the  limited  funds 
for  such  work  at  my  disposal.  Mr.  Hay  has,  however,  continued 
his  activity  in  geologic  work,  and,  with  your  permission,  I  have  au¬ 
thorized  him  to  publish  certain  papers  on  the  resources  of  Kansas, 
embodying  information  collected  while  he  was  in  the  employ  of  the 
Survey,  in  the  Transactions  of  the  Kansas  Academy  of  Science  and 
in  the  report  of  the  Kansas  State  Agricultural  Society. 

In  accordance  with  your  instructions  I  visited  Fort  Riley  (near 
Junction  City),  Kansas,  in  January  last,  for  the  purpose  of  confer¬ 
ring  with  Capt.  George  A.  Pond,  assistant  quartermaster,  U.S.  Army, 
concerning  a  detailed  geologic  survey  of  the  military  reservation  at 
that  point.  This  is  one  of  the  most  extensive  military  reservations 
in  the  country.  It  is  located  in  the  exact  geographic  center  of  the 
United  States  and  upon  important  transportation  lines,  and  the  dif¬ 
ferent  portions  of  the  country  are  readily  accessible  from  it,  and,  in 
the  judgment  of  the  officers  stationed  there,  is  destined  to  become 
at  no  distant  day  one  of  the  most  important  military  stations  in  the 
the  country.  A  considerable  enlargement  of  the  station,  including 
the  construction  of  armories,  ordinance  store-houses,  new  quarters 
for  officers  and  men,  stables,  etc.,  has  recently  been  projected  and 
the  questions  of  the  possibility  of  artesian  water  supply,  of  the 
proximity  of  building  stones  and  brick  clays,  of  the  existence  of 
coal  seams,  of  the  probability  of  the  existence  of  natural  gas,  of  the 
accessibility  of  natural  deposits  of  salt,  of  the  best  system  of  sewer¬ 
age  under  the  geologic  conditions  there  obtaining,  etc.,  have  become 
important.  The  area  of  the  reservation  is  about  thirty  square  miles; 
but  it  will  be  necessary  to  carry  the  geologic  survey  over  a  con¬ 
siderably  larger  area  in  order  to  meet  the  requirements  of  the  sta¬ 
tion.  During  my  stay  in  Kansas  I  made  a  hurried  reconnaissance, 
with  the  object  of  ascertaining  the  desirability  and  possibility  of  the 
the  survey  asked  for  by  Captain  Pond,  and  at  the  same  time  pre¬ 
paring  plans  for  the  execution  of  the  survey  during  another  fiscal 
year. 
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Resccin  dies  in  Indiana.  Last  year  witnessed  a  great  extension  of 
the  known  area  of  natural  gas  westward  in  Ohio  and  Indiana;  and 
during  the  greater  portion  of  the  year  exploitation  of  the  gas  field 
was  carried  forward  energetically  by  capitalists  in  both  States. 
The  test  bores  of  the  prospector  when  properly  utilized  are  of  great 
value  to  the  geologist;  for  not  only  is  the  area  of  the  gas  field  deter¬ 
mined  and  its  boundaries  defined,  but  the  stratigraphic  succession 
may  be  ascertained  as  well  by  their  aid.  The  last  of  these  uses  be¬ 
comes  exceedingly  important  in  a  region  which,  like  northern  Indiana, 
has  few  natural  rock  exposures  and  is  so  deeply  covered  by  drift  that 
the  stratified  rocks  are  seldom  reached  by  artificial  excavation.  It 
was  deemed  unwise  to  allow  the  opportunity  for  investigation  of  the 
stratigraphy  of  northern  and  central  Indiana  afforded  by  the  active 
prospecting  of  last  year  to  escape;  and,  acting  under  your  direction,  I 
employed  Dr.  A.  J.  Phinney,  of  Muncie,  Ind.,  to  collect  records  of 
borings  in  Indiana,  to  ascertain  the  distribution  of  gas,  petroleum, 
etc.,  in  the  State,  and  to  develop  therefrom  the  stratigraphy  of  the 
region.  He  was  occupied  in  this  work  during  the  months  of  Oc¬ 
tober,  November,  and  December;  and  parts  of  the  months  of  Janu¬ 
ary  and  February  were  spent  in  preparing  a  report  thereon.  This 
report  was  transmitted  to  me  in  March,  and  after  preliminary  ex¬ 
amination  was  returned  to  the  author  for  revision.  It  will  shortly 
be  transmitted  for  publication  as  a  bulletin  of  the  Survey. 

In  April  last  it  was  learned  that  a  valuable  collection  of  fossils, 
including  many  type  specimens  described  and  figured  by  the  late 
David  Dale  Owen,  long  preserved  in  the  museum  of  the  State  Uni¬ 
versity  of  Indiana,  had,  in  the  exigencies  of  transfer  from  place  to 
place  and  from  custodian  to  custodian,  become  scattered,  partially 
stripped  of  labels,  and  mixed  with  the  educational  series  of  the  insti¬ 
tution,  and  also  that  the  university  authorities  were  willing  to  donate 
the  collection  to  the  Geological  Survey  or  the  National  Museum  if  a 
competent  paleontologist  were  assigned  to  relabel,  and  rearrange  its 
remnants.  Mr.  Marcou  was  intrusted  with  the  task.  He  visited 
the  university  at  Bloomington,  assorted,  arranged,  and  relabeled  the 
more  valuable  fossils,  and  conveyed  them  to  Washington;  and  the 
collection  is  now  accessible  to  paleontologists  in  the  National  Museum. 
The  expenses  of  Mr.  Marcou’s  trip  were,  through  the  courtesy  of 
Prof.  G.  Brown  Goode,  in  charge  ©f  the  National  Museum,  borne 
by  that  institution. 

Researches  in  New  York. — By  reason  of  the  considerable  time 
required  in  the  construction  of  the  base  upon  which  the  geologic 
map  of  New  Nork,  described  in  previous  reports,  is  to  be  impressed, 
some  progress  has  been  made  by  Prof.  James  Hall  and  others  in 
ascertaining  the  areal  geology  of  the  State  since  the  compilation  of 
the  map  in  1884;  and  a  visit  was  made  to  Albany  in  December  last 
for  the  purpose  of  collecting  and  incorporating  the  supplementary 
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data.  Advantage  was  taken  of  the  opportunity  afforded  by  this  trip 
to  examine  in  greater  detail  the  region  of  dislocated  rocks  in  the 
Mohawk  Valley,  and  the  complex  structure  and  outcrop  of  the  strata 
in  portions  of  the  tract  not  previously  examined  were  ascertained. 
The  territory  examined  includes  the  valley  of  West  Canada  Creek 
in  the  vicinity  of  Herkimer  and  Middleville,  the  neighborhood  of 
Palatine  church,  Fonda  and  its  vicinity,  and  a  considerable  tract 
lying  south  of  Amsterdam.  The  results  of  this  study  have  been 
incorporated  in  the  map,  and  may  also  be  published  in  different  form. 

Researches  in  Iowa . — Some  years  ago  a  careful  survey  was  made 
of  the  superficial  deposits,  and  incidentally  of  the  Paleozoic  strata, 
of  that  part  of  Iowa  lying  east  of  the  ninety-third  meridian  and 
north  of  the  parallel  of  41°  30',  a  tract  of  about  16,000  square  miles, 
including  twenty-eight  out  of  the  ninety-nine  counties  of  the  State. 
The  survey  was  practically  completed  in  1880,  and  a  draft  of  a  re¬ 
port  upon  it  was  prepared;  but  since  the  glacial  and  aqueo-glacial 
deposits  of  the  tract  exhibit  topographic  characteristics  so  strongly- 
marked  that  the  study  was  one  of  topographic  forms  rather  than 
of  stratigraphic  sequence,  it  was  deemed  unwise  to  publish  the  re¬ 
port  without  explanatory  and  illustrative  topographic  maps  more 
accurate  than  any  then  extant;  and  the  report  was  accordingly  with¬ 
held.  During  the  early  part  of  the  fiscal  year  a  detailed  topographic 
survey  of  a  representative  part  of  this  tract,  over  900  square  miles 
in  area,  centering  about  Iowa  City,  was  authorized  by  you,  and  was 
executed  by  the  Geographic  Division.  The  survey  was  made  on  a 
scale  of  a  mile  to  the  inch,  with  a  contour  interval  of  twenty  feet; 
and  it  is  represented  upon  the  four  atlas  sheets  bounded  by  the  par¬ 
allels  of  41°  30'  and  42°  and  the  meridians  of  91°  15'  and  91°  45'.  A 
few  days  were  spent  on  the  ground  with  Mr.  J.  H.  Renshawe  (who 
had  charge  of  the  topographic  survey)  early  in  October  last,  for  the 
purpose  of  testing  the  surveys  and  ascertaining  their  sufficiency  for 
the  representation  of  the  unique  topographic  configuration  exhibited 
in  this  region;  and  the  surveys  were  found  eminently  satisfactory. 

Early  in  Ma'y  a  second  visit  was  made  to  Iowa,  for  the  purposes 
of  working  out  in  detail  the  structure  of  the  area  topographically 
mapped,  reviewing  the  entire  series  of  phenomena  of  the  tract  sur¬ 
veyed  in  1878-’80,  and  revising  and  completing  the  report  thereon. 
My  own  time  has  been  occupied  in  this  work  (mainly  in  the  field) 
during  the  balance  of  the  fiscal  year;  and  satisfactory  progress  has 
been  made  in  its  accomplishment. 

A  simple  piece  of  apparatus,  devised  to  ascertain  the  succession  of 
unconsolidated  deposits  in  the  topographically  surveyed  area  about 
Iowa  City,  has  been  constructed  and  tested,  and  found  so  satisfactory 
as  to  merit  brief  description.  It  is  simply  a  carpenter’s  auger,  two 
inches  in  diameter,  welded  to  a  section  of  half-inch  gas-pipe,  and  pro¬ 
vided  with  a  handle,  together  with  a  number  of  interchangeable 


MCGEE.] 


TIIE  HEADS  OF  DIVISIONS. 


107 


sections  of  gas-pipe  of  tlie  same  size,  by  which  the  auger-stem  may 
he  extended  to  any  desired  length.  The  sections  are  joined  by  thim¬ 
bles,  into  which  they  are  screwed  in  the  ordinary  manner.  Each,  in¬ 
cluding  the  auger  section  and  the  handle,  is  three  feet  long.  Two 
pairs  of  pipe-tongs  are  required  for  jointing  and  unjointing;  and  the 
whole  apparatus,  which  weighs  less  than  one  hundred  pounds  and 
costs  about  twelve  dollars,  is  packed  in  a  light,  portable  case.  By 
means  of  the  apparatus  two  men  can  put  down  a  bore  to  a  depth  of 
forty  or  fifty  feet,  or  two  bores  each  twenty  to  thirty  feet,  in  the 
course  of  a  day,  and  satisfactory  samples  of  each  stratum  penetrated 
may  be  brought  up  and  preserved.  The  device  is  of  course  available 
only  in  unconsolidated  deposits  without  abundant  bowlders. 

OFFICE  WORK. 

The  Geologic  Map  of  New  York. — As  incidentally  mentioned  in  a 
preceding  paragraph,  the  latest  data  concerning  the  areal  geology 
of  Newr  York  were  assembled  in  December  last,  and  incorporated  in 
the  manuscript  copy  of  the  map.  Meantime  the  laborious  task  of 
preparing  the  base  upon  which  it  is  designed  to  impress  the  geologic 
colors  has  been  pushed  forward.  The  western  half  of  this  base  is 
completed,  and  in  May  it  was  photographed,  and  a  copy  was  colored 
by  hand  for  the  use  of  Prof.  James  Hall,  State  geologist  of  New 
York,  under  whose  supervision  the  compila  ion  was  made.  The 
eastern  half  of  the  base  is  approaching  completion,  and  the  geologic 
data  are  in  condition  to  be  then  transferred  immediately  to  it. 

Bibliography  of  Texas,  etc. — This  work,  which  was  described  in 
a  previous  report,  and  upon  which  Mr.  J.  B.  Marcou  has  been  en¬ 
gaged  during  the  greater  part  of  the  year,  is  nearly  ready  for  the 
press.  The  bibliographic  matter  is  complete,  and  the  index  (which 
will  be  intercalated  with  the  bibliographic  entries)  only  requires  re¬ 
arrangement  for  printing.  The  work  is  a  practically  exhaustive 
annotated  and  elaborately  indexed  bibliography  of  the  geology  of 
Texas,  Louisiana,  Arkansas,  and  Indian  Territory,  embracing  about 
2,500  bibliographic  entries,  and  it  will  form  a  volume  of  700  or  800 
X>ages. 

The  History  of  American  Scientific  Surveys. — The  completion  of 
this  work  has  been  delayed  by  reason  of  the  difficulty  in  obtaining 
information  concerning  two  or  three  important  surveys  whose  pro¬ 
jectors  and  conductors  are  no  longer  living,  and  whose  records  have 
been  mislaid  or  destroyed.  A  part  of  the  data  lacking  a  year  ago 
have,  however,  been  obtained  during  the  year;  and  while  the  ma¬ 
terial  now  on  hand  is  hardly  so  complete  as  to  warrant  publication, 
it  contains  a  mine  of  information  concerning  the  State  and  other 
surveys  of  the  country,  which  is  accessible  to  students  of  the  sub¬ 
ject.  One  of  the  objects  contemplated  in  commencing  the  work 
has  thus  been  attained;  but  it  is  still  the  design  to  secure  accounts 
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of  the  few  surveys  concerning  which  information  is  yet  insufficient, 
and  to  prepare  the  whole  for  the  press  as  soon  as  practicable. 

The  Thesau  rus  of  American  Formations. — Pressure  in  other  direc¬ 
tions  has  diverted  attention  from  this  work,  which  was  described  in 
detail  in  a  previous  report,  during  the  greater  part  of  the  year;  but 
the  original  plan  has  been  kept  in  mind,  and  some  new  matter  has 
been  incidentally  collected  and  tabulated. 

Record  of  Progress  in  Geology ,  Paleontology  and  Mineralogy. — For 
some  years  past  Mr.  J.  B.  Marcou,  of  this  division,  has  prepared  an 
annual  record  of  progress  in  paleontology  for  publication  by  the 
Smithsonian  Institution;  and  Prof.  Edward  S.  Dana,  of  Yale  Col¬ 
lege,  has  in  like  manner  prepared  annual  records  of  progress  in 
mineralogy  for  the  Smithsonian  Institution,  and  during  the  fiscal 
year  of  1886-87  Mr.  Nelson  H.  Darton,  of  the  Appalachian  Division 
of  Geology,  prepared  a  bibliography  of  American  geology,  cover¬ 
ing  the  year  1886,  which  has  already  been  published  as  a  bulletin  of 
the  Geological  Survey.  During  the  fiscal  year  just  closed  it  was 
ascertained  that  the  Secretary  of  the  Smithsonian  Institution  had 
decided  tQ  discontinue  the  publication  of  the  annual  records  of  prog¬ 
ress  in  paleontology  and  mineralogy;  and  believing  that  such 
records  are  invaluable  to  students  of  these  subjects,  and  that  their 
preparation  and  publication  is  germane  to  the  purposes  of  the  Geo¬ 
logical  Survey,  I  arranged,  with  your  approval,  for  the  preparation 
of  annotated  bibliographic  records  of  progress  in  paleontology  and 
mineralogy  for  the  year  1887  by  Messrs.  Marcou  and  Dana  respect¬ 
ively,  as  nearly  as  possible  in  accordance  with  the  plan  already 
adopted  by  Mr.  Darton.  These  records  were  completed  about  the 
end  of  March,  and  transmitted  for  publication  in  conjunction  with 
Mr.  Darton’ s  similar  record  of  progress  in  geology  in  the  form  of  a 
bulletin,  and  as  an  early  number  in  a  series  of  annual  records  of 
progress  in  geologic  science,  which  it  is  proposed  to  continue,  and  per¬ 
haps  extend  over  the  related  fields  of  petrography,  seismology,  etc. 

The  Report  on  Natural  Gas  in  Indiana. — The  draft  of  the  report 
on  the  geologic  structure,  natural  gas,  petroleum,  etc.,  of  Indiana, 
submitted  by  Dr.  Pliinnev,  was  hastily  prepared  and  transmitted  as 
promptly  as  possible  for  examination  and  office  use,  and  when  pub¬ 
lication  was  decided  upon,  critical  revision  of  the  manuscripts  was 
found  necessary.  It  was  then  returned  to  the  author  for  the  incor¬ 
poration  of  new  data.  So  the  manuscripts  of  text  and  illustrations 
have  twice  passed  through  my  hands,  each  time  receiving  critical 
attention  and  some  modification. 

The  Report  on  Northeastern  Iowa. — As  noted  in  a  preceding  para¬ 
graph,  considerable  parts  of  the  months  of  May  and  June  were  oc¬ 
cupied  in  the  preparation  of  a  report  on  the  geologic  structure  and 
superficial  phenomena  of  an  area  of  16,000  square  miles  in  north¬ 
eastern  Iowa.  The  tract  in  question  exhibits  many  features  of  in- 
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terest,  both  scientific  and  economic;  within  it  the  loess  of  the  Missis¬ 
sippi  Valley  is  typically  developed  in  a  number  of  phases,  whose  re¬ 
lations  are  such  as  to  indicate  the  genesis  of  all  ;  the  greater  part  of 
it  is  occupied  by  two  distinct  sheets  of  glacial  drift,  both  of  which 
graduate  into  aqueo-glacial  deposits  in  a  distinctive  way,  which  are 
separated  by  an  ancient  soil  and  forest  bed,  and  whose  relations  to 
the  subjacent  rocks  are  displayed  with  exceptional  clearness.  The 
tract  includes  a  part  of  the  “  driftless  area”  of  the  upper  Missis¬ 
sippi  V alley,  and  well  illustrates  the  relation  between  the  local  resid¬ 
uary  products  and  exclusively  hydric  topography  of  that  area  on  the 
one  hand,  and  the  glacial  and  aqueo-glacial  deposits  and  topography 
on  the  other  hand — the  marginal  phenomena  being  exceptionally 
clear  and  pregnant  with  data  bearing  upon  the  history  of  the  action 
of  ice  and  water  respectively  in  the  Quaternary.  The  tract  is  di¬ 
versified  by  unique  hills  and  ridges,  approaching  in  form,  though 
not  in  constitution,  the  kames  of  Scotland  and  the  ftsar  of  Scandi¬ 
navia,  and  their  relations  to  drift,  loess,  general  topographic  config¬ 
uration,  and  subjacent  rock-surface  are  such  as  to  clearly  indicate 
their  genesis.  The  behavior  of  the  streams  of  the  tract  is  anoma¬ 
lous,  in  that  the  general  direction  of*the  drainage  is  at  right  angles 
to  the  general  slope  of  surface,  and  in  that  the  rivers  have  fre¬ 
quently  avoided  low-lying  plains  and  valleys,  and  have  cut  for  them¬ 
selves  deep  gorges  in  neighboring  plateaus  or  in  the  axes  of  neigh¬ 
boring  ridges;  and  careful  study  shows  that  these  various  phenomena 
are  intimately  related,  that  in  large  measure  their  causes  were  com¬ 
mon,  and  that  their  testimony  concerning  the  Quaternary  history  of 
the  region  is  consistent  and  cumulative,  and  at  the  same  time  com¬ 
prehensive  and  minute.  It  is  the  design  to  render  the  report  mono¬ 
graphic  upon  these  categories  of  phenomena,  and  to  set  forth  the 
geologic  history  of  the  tract  in  considerable  detail,  and  it  is  the  de¬ 
sign  also  to  consider  carefully  the  economic  bearing  of  the  phenom¬ 
ena,  and  especially  to  describe  and  classify  the  soils  and  subsoils  of 
the  tract  surveyed.  Satisfactory  prog  ess  has  been  made  in  the 
preparation  of  the  report. 

It  is  a  pleasure  to  express  indebtedness  to  President  Charles  A. 
Schaeffer,  of  the  Iowa  State  University,  and  Prof.  Samuel  Calvin, 
of  the  natural  history  department,  for  the  use  of  a  commodious 
room  in  the  natural  history  building  of  the  university  for  office 
purposes. 

Miscellaneous. — During  the  year  several  brief  papers  were  pre¬ 
pared  for  the  press,  the  most  noteworthy  being  “Three  Formations 
of  the  Middle  Atlantic  Slope,”  published  in  the  American  Journal 
of  Science,  February,  Ajjril,  May,  and  June  last,  and  “The  Geology 
of  Macon,  Mo.,”  published  in  volume  V  of  the  Transactions  of  the  St. 
Louis  Academy  of  Science.  Part  of  February  and  March  last  were 
occupied  in  revising,  with  Mr.  L.  C.  Johnson,  the  report  by  that 
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gentleman  upon  the  lower  tertiary  formations  of  Mississippi ;  and  a 
considerable  part  of  each  of  the  earlier  months  of  the  year  was  spent 
in  administrative  work,  official  correspondence,  etc.,  under  your  im¬ 
mediate  supervision,  which  does  not  require  special  mention  here. 

In  conclusion,  I  beg  to  express  my  indebtedness  'to  you  not  only 
for  every  facility  in  pursuing  the  investigations  with  which  I  am 
charged,  but  also  for  the  fruitful  suggestion,  criticism,  and  discus¬ 
sion  with  which  you  have  from  time  to  time  favored  me,  and  with¬ 
out  which  my  work  would  assuredly  have  fallen  far  short  of  the 
value  which  it  may  now  possess. 

I  have  the  honor  to  be,  sir,  with  great  respect,  your  obedient* serv¬ 
ant, 

W  J  McGee, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  L.  C.  JOHNSON. 

Lower  Mississippi  Division, 
Meridian,  Miss.,  July  1,  1888. 

Sir:  Field  work  for  the  year  just  ended  was  not  begun  in  the 
division  of  the  Lower  Mississippi  until  October,  1887.  There  was 
still  much  remaining  to  be  done  to  ascertain  the  correct  subdivisions 
of  the  Eocene  and  their  boundaries. 

This  was  commenced  by  examinations  of  the  upper  formations, 
named  by  Prof.  E.  W.  Hilgard  the  Vicksburg  and  the  Jackson.  The 
boundary  between  these  two,  as  established  by  him,  was  found  to  be 
sufficiently  defined.  A  prolonged  search  was  required  in  the  coun¬ 
ties  of  Jasper,  Clarke,  and  Wayne,  Miss.,  to  ascertain  exactly  the 
relation  of  the  Vicksburg  Eocene  to  that  extensive  fresh-water  forma¬ 
tion  of  south  Mississippi  known  as  the  “Grand  Gulf”  (Hilgard). 
This  search  was  finally  ended  by  finding  on  the  Cliickasawlia  River, 
in  Wayne  County,  some  three  miles  southwest  of  Waynesborough, 
a  section  where  the  Grand  Gulf  is  seen  to  repose  with  apparent 
conformity  upon  the  rocks  of  the  Vicksburg  formation. 

This  division  of  the  assigned  work  was  completed  December  20, 
1887,  and  I  repaired  to  north  Mississippi.  The  Tertiary  formations 
of  that  portion  of  the  State  are  covered  deeply  by  Quaternary  deposits 
and  constitute  the  most  difficult  problem  of  the  stratigraphy  of  the 
district.  It  had  been  reserved  for  the  principal  work  of  the  spring  and 
summer.  The  month  of  January,  1888,  proved  very  unfavorable  for 
field  operations,  and  early  in  February  orders  were  received  to  repair 
to  headquarters  in  Washington  for  office  duty.  Work  upon  and  in 
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connection  with  tlie  reports  of  the  preliminary  surveys  in  Louisiana 
and  Mississippi  occupied  all  the  time  from  February  7  to  June  1. 

Field  work  done  this  month  (June)  has  been  towards  perfecting  a 
survey  of  these  obscure  formations  in  the  northern  and  eastern  por¬ 
tions  of  the  State  of  Mississippi. 

It  will  appear  from  the  report  in  your  office  that  something  has 
been  accomplished  towards  clearing  away  the  difficulties  which  ob¬ 
scured  the  stratigraphy  of  this  portion  of  the  Gulf  States,  but  much 
is  left  uncompleted.  Many  useful  materials  have  been  found  to  ex¬ 
ist  abundantly  in  Mississippi,  such  as  building  stone,  clay,  lime, 
lignite,  and  iron,  and  numerous  localities  of  these  are*  described  in 
the  report,  and  are  indicated  on  the  map  which  accompanies  it. 

Very  respectfully,  your  obedient  servant, 

Lawrence  C.  Johnson, 

Assistant  Geologist  in  Charge. 

Hon.  J.  W.  P OWELL, 

Director  TJ.  S.  Geological  Survey,  Washington ,  D.  C. 


REPORT  OF  MR.  A.  C.  PEALE. 

Montana  Division  of  Geology, 

Washington,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  the  opera¬ 
tions  of  the  Montana  division  for  the  year  ended  June  30,  1888: 

field  work. 

Upon  receipt  of  instructions  early  in  July,  I  proceeded  to  Boze¬ 
man,  and  field  work  was  begun  at  that  place  July  14,  1887,  with  the 
view  to  completing  the  delineation  of  the  geological  feature  of  the 
northern  half  of  the  Three  Forks  topographical  sheet.  This  was 
accomplished  by  September  23,  although  an  unusually  wet  season 
somewhat  retarded  field  operations.  The  latter  half  of  July  and  the 
first  week  of  August  were  occupied  in  the  investigation  of  a  small 
area  extending  southward  from  the  Gallatin  Valley  to  about  the 
line  of  parallel  45°  30'.  The  junction  of  the  lake  beds  on  the  south 
side  of  the  Gallatin  Valley  with  the  gneisses  was  determined,  and 
trips  were  made  up  the  canons  of  Bozeman  Creek,  Middle  Creek, 
and  Cottonwood  Creek,  and  the  relations  of  the  sedimentary 
rocks  overlying  the  gneiss  to  the  eruptive  rocks  Of  the  higher 
mountains  farther  southward  were  studied.  During  the  remainder 
of  August  the  area  under  examination  was  that  extending  west¬ 
ward  from  the  West  Gallatin  River  to  the  South  Boulder  Range 
and  lying  between  the  parallels  of  45°  30',  and  45°  45'.  This  area 
is  about  equally  divided  between  the  Archaean  gneisses  and  the 
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southwestward  extension  of  the  Gallatin  Valley  lacustrine  deposits. 
The  limit  of  the  latter  in  this  direction  was  outlined,  and  in  connec¬ 
tion  with  the  gneissic  outcrops  several  interesting  intrusions  of  igne¬ 
ous  rocks  were  carefully  studied.  The  route  followed  was  south¬ 
ward  up  the  AVest  Gallatin  to  the  mouth  of  Spanish  Creek,  and 
thence  westward  into  Spanish  Creek  Basin.  The  AVest  Gallatin 
River  cuts  its  way  into  the  Gallatin  A7alley  through  a  gorge  of  some 
1,600  to  2,000  feet  in  depth,  the  gneissic  walls  of  the  immediate 
canon  reaching  from  600  to  1,000  feet  above  the  level  of  the  stream. 
Along  the  mouth  of  Spanish  Creek  sedimentary  rocks  are  found,  but 
the  basin  of  Spanish  Creek  itself  is  underlaid  mainly  by  gneisses. 
From  this  point  we  proceeded  northward,  via  Cherry  Creek  and  Pole 
Creek,  to  the  Madison  River,  below  the  canon.  Our  route  took  us 
along  the  line  of  junction  of  the  gneisses  and  the  overlying  Potsdam 
sandstone,  which  rests  directly  upon  them.  Between  the  middle  and 
lower  valleys  of  the  Madison  the  river  Hows  in  a  rugged  gneissic 
canon  2,000  feet  in  depth.  This  canon  is  about  fifteen  miles  in 
length,  and  ends  a  short  distance  below  the  mouth  of  Hot  Spring 
Creek,  a  tributary  coming  in  from  the  west.  Up  this  stream  we 
traveled  as  far  as  Sterling,  which  was  made  the  point  of  departure 
for  the  examination  of  the  region  lying  west  and  south  of  this  now 
almost  deserted  mining  town.  In  this  portion  of  Madison  County 
the  quartz  mines  in  the  vicinity  of  Pony  and  Red  Bluff  are  productive, 
and  with  future  increased  facilities  in  the  matter  of  transportation 
the  output  of  the  mines  will  undoubtedly  be  largely  augmented. 

The  country  is  dotted  with  prospect  holes,  and  the  town  of  Pony 
appears  to  be  at  the  present  time  the  most  important  center  of  min¬ 
ing  activity  in  this  part  of  the  Territory.  It  lies  at  the  head  of 
AVillow  Creek  Valley,  which,  although  small,  is  one  of  the  most 
fertile  valleys  in  Montana.  The  western  limit  of  the  lake  deposits, 
which  are  exactly  like  those  of  the  Gallatin,  lies  a  short  distance 
beyond  this  valley,  where  the  beds  lap  onto  the  gneisses  in  the  foot¬ 
hills  of  the  South  Boulder  Range. 

The  three  weeks  of  September,  during  which  field  work  was  carried 
on.  were  devoted  to  the  geological  examination  of  the  northwestern 
portion  of  the  Three  Forks  sheet;  i.  e.,  the  vicinity  of  the  Jefferson 
River,  above  the  Three  Forks,  or  head  of  the  Missouri  River.  This 
area  is  mainly  one  of  sedimentary  rocks,  the  formations  from  the  lower 
or  middle  portion  of  the  Cambrian  up  to  the  lower  part  of  the  Cre¬ 
taceous  all  being  present.  It  is  a  region  of  some  complication,  due 
to  the  presence  of  several  folds  and  faults,  confused  somewhat  by 
the  effusion  of  igneous  rocks,  the  latter  being  of  very  great  interest. 
Our  knowledge  of  the  Paleozoic  section  of  this  portion  of  the  Ter¬ 
ritory  was  largely  increased  by  the  study  of  the  rocks  exposed  in 
this  area,  and  interesting  collections  of  fossils  were  obtained  from 
the  Devonian  and  Carboniferous  portions,  which  even  upon  a  pre- 
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liminary  examination  liave  considerably  enlarged  our  knowledge 
of  the  fauna  of  those  formations  for  Montana.  Thirty-nine  species 
have  been  identified  from  the  Devonian  and  sixty  from  the  Carbon¬ 
iferous. 

One  of  the  results  of  the  study  of  this  fauna  is  the  development 
of  the  fact  that  there  is  an  apparent  mingling  of  Devonian  and  Car¬ 
boniferous  forms  throughout  the  central  portion  of  the  mountain 
limestones  heretofore  regarded  as  belonging  entirely  to  the  Carbon¬ 
iferous.  The  occurrence  of  Lower  Carboniferous  forms  very  high 
in  the  series  referred  to  the  Middle  Carboniferous  is  another  inter¬ 
esting  fact. 

The  canon  of  the  Jefferson  River  is  one  of  the  interesting  topo¬ 
graphical  features  of  this  area.  Although  only  about  five  miles  in 
length,  it  is  about  1,800  feet  in  depth,  and  exposes  the  east  section  of 
the  East  Gallatin  group  and  overlying  beds  in  an  exceedingly  beau¬ 
tiful  manner.  The  valley  of  the  Jefferson  below  the  canon  for  about 
ten  miles  is  bordered  by  hills  that  rise  from  1,000  to  1,500  feet 
above  the  level  of  the  river,  which  keeps  close  to  the  foot  of  the  hills 
on  the  south  side,  while  on  the  north  side  the  valley  gradually  be¬ 
comes  wider  and  wider,  until  the  stream  finally  flows  out  into  the 
beautiful  valley  of  the  Three  Forks,  where  it  unites  with  the  Madison 
and  Gallatin  Rivers  to  form  the  Missouri. 

The  route  followed  through  this  northwestern  portion  of  our  area 
was  from  Willow  Creek  westward  across  Antelope  and  South  Boulder 
Creeks  along  the  southern  edge  of  the  hills  bordering  the  south  side 
of  the  Jefferson  River  until  the  river  was  reached  above  the  canon. 
From  the  latter  point  the  North  Boulder  was  followed  to  a  point 
about  eight  miles  north  of  the  Jefferson,  whence  we  turned  east¬ 
ward,  reaching  the  Jefferson  again  near  the  town  of  Three  Forks,  a 
settlement  located  between  that  river  and  the  Madison;  thence  we 
proceeded,  via  the  Gallatin  and  West  Gallatin  Rivers,  to  Bozeman, 
where  the  field  party  was  disbanded  for  the  season. 

OFFICE  WORK. 

During  the  year  the  third  paper  upon  the  statistics  of  mineral 
waters  was  published,  and  a  fourth  paper  upon  the  same  subject,  giv¬ 
ing  the  statistics  for  the  year  1887,  has  been  prepared,  and  is  ready 
for  publication  in  the  forthcoming  volume  of  “ Mineral  Resources.” 
Work  upon  the  manuscript  of  a  bulletin  on  the  Paleozoic  section  of 
the  northern  part  of  the  Gallatin  Valley  has  occupied  considerable 
time.  Forty  pages  of  manuscript  and  four  plates  for  illustration  are 
now  ready,  and  Mr.  G.  P.  Merrill,  of  the  National  Museum,  has  pre¬ 
pared  a  description  of  the  eruptive  rocks  of  the  section,  with  several 
illustrations.  The  bulletin  will  be  ready  for  publication  early  in  the 
ensuing  fiscal  year. 

9  geol - 8 
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The  division  is  under  obligation  to  the  Chemical  Division  for  nu¬ 
merous  analyses  of  rocks  furnished;  to  the  petrographic  laboratory 
for  thin  sections  of  ninety  specimens  of  igneous  rocks;  and  to  Mr.  C. 
D.  Walcott  for  identification  of  fossils.  Mr.  Charles  W.  Richmond 
has  rendered  efficient  service  in  the  office,  especially  in  the  prepara¬ 
tion  of  the  paper  upon  Mineral  Waters. 

Very  respectfully, 

A.  C.  Peale, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF.  O.  C.  MARSH. 

Division  of  Vertebrate  Paleontology, 

New  Haven,  Conn.,  July  1,  1888. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  work 
of  this  division  during  the  past  fiscal  year: 

In  compliance  with  your  letter  of  general  instructions,  I  have  con¬ 
tinued  the  systematic  work  of  collecting  vertebrate  fossils  and  in¬ 
vestigating  those  of  special  interest  to  science. 

The  field  work  in  the  West  during  the  past  year  has  been  energeti¬ 
cally  prosecuted,  and  the  results  promise  to  be  important.  The  ex¬ 
plorations  in  the  Miocene  deposits  of  Dakota  have  been  continued 
systematically,  and  large  and  valuable  collections  of  vertebrate  fos¬ 
sils  have  been  secured.  A  special  search  was  made  for  remains  of 
the  Brontotheridse,  not  merely  to  secure  additional  material,  which 
was  much  needed,  but  also  to  ascertain,  if  possible,  the  geographical 
and  geological  distribution  of  this  remarkable  group.  A  large  num¬ 
ber  of  individuals  were  secured  at  various  localities,  and  a  compara¬ 
tive  investigation  of  these  remains  has  already  disclosed  important 
differences,  which  serve  to  distinguish  both  the  genera  and  species, 
as  well  as  age  and  sex. 

Another  important  point  was  clearly  established,  that  the  great 
Miocene  basin  of  Dakota,  in  which  the  Brontotlieridse  were  en¬ 
tombed,  may  be  separated  into  well-marked  horizons,  each  contain¬ 
ing  one  or  more  distinct  forms  of  this  group.  This  corresponds 
with  what  I  had  previously  ascertained  from  a  study  of  the  great 
Eocene  basin  of  Wyoming,  where  special  forms  of  the  Dinocerata 
had  each  its  own  horizon. 

In  the  Jurassic  deposits  of  Wyoming  work  has  been  continued 
during  the  past  year  with  good  success.  This  is  true  also  of  south¬ 
ern  Colorado,  where  important  collections  in  essentially  the  same 
horizon  have  been  made. 

Your  special  letter  of  instruction,  dated  May  13,  1887,  requested 
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me  to  make  a  careful  examination  of  the  Potomac  formation  for 
vertebrate  fossils,  with  a  view  to  determine  the  age  of  these  de¬ 
posits,  so  long  in  doubt.  The  western  work  then  in  progress  made 
it  impossible  to  begin  this  investigation  before  October  1,  when  I 
detailed  Mr.  J.  B.  Hatcher,  one  of  my  most  experienced  assistants, 
to  commence  the  v  examination.  Mr.  Hatcher’s  experience  in  the 
West  proved  of  great  service,  and  his  careful  work  along  the  out¬ 
crops  of  the  Potomac  formation  between  Baltimore  and  Washington 
continued  for  several  months,  resulting  in  important  discoveries. 
Subsequently  I  went  over  the  ground  myself,  and  visited  all  the 
more  interesting  localities,  with  a  view  to  determine  the  horizons 
of  the  fossils  discovered.  The  results  of  the  entire  investigation 
proved  conclusively  that  the  Potomac  formation,  as  shown  in  its 
typical  localities  in  Maryland,  is  of  Upper  Jurassic  age,  and  contains 
a  rich  and  varied  vertebrate  fauna.  This  fauna  is  distinct  from  any 
hitherto  discovered,  but  corresponds  most  nearly  to  that  of  the  At- 
lantosaurus  beds  in  the  Rocky  Mountain  region. 

The  work  at  New  Haven  during  the  past  year  on  the  monographs 
now  in  preparation  has  made  systematic  progress.  The  investiga¬ 
tion  of  the  large  collections  of  the  remains  of  Brontotheridse  has 
been  continued  with  important  results.  The  illustrations  for  the 
monograph  on  this  group,  consisting  of  sixty  lithographic  plates 
and  one  hundred  and  fifty  wood-cuts,  have  been  finished  and  all  sent 
to  the  Public  Printer.  This  has  delayed  somewhat  the  publication 
of  the  volume  on  the  Sauropoda,  which  will  soon  be  completed. 

Very  respectfully, 

O.  C.  Marsh, 

Paleontologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  XJ.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  C.  D.  WALCOTT. 

Division  of  Paleozoic  Invertebrates, 
Washington,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  present  the  following  report  of  operations 
conducted  under  my  charge  during  the  fiscal  year  ended  June  30, 
1888: 

FIELD  WORK. 

The  field  operations  for  the  year  were:  (1)  The  continuation  of 
the  study  of  the  geology  of  Washington  County,  N.  Y.,  and  the 
extension  of  the  mapping  of  the  strata  of  that  county  into  and 
across  Rensselaer  County,  N.  Y.,  to  the  Columbia  County  line;  (2) 
the  examination  of  the  strata  of  the  Taconic  Range  in  western  Mas- 
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sachusetts  and  southwestern  Vermont;  (3)  the  study  of  certain 
strata  in  Schoharie  County,  N.  Y.;  (4)  the  examination  of  Cam¬ 
brian  strata  in  the  vicinity  of  North  Attleborough,  Mass.;  (5)  the 
collecting  of  fossils  from  the  Chazy  terrane,  at  Fort  Cassin,  Vt.,  and 
also  from  the  Trenton  and  Hudson  terranes  of  central  New  York. 

During  the  field  season  of  1886  I  studied  and  mapped  the  geologic 
terranes  of  about  two-thirds  of  the  area  of  Washington  County,  N. . 
Y.  The  first  work  of  the  present  year  was  to  complete  the  map  of 
the  county  and  to  verify  a  number  of  observations  made  in  1886. 
This  was  accomplished,  and  I  then  traced  the  formations  found  in 
the  county  south  into  Rensselaer  County  and  onward  to  the  Colum¬ 
bia  County  line,  and  secured  the  data  for  compiling  a  geologic  map 
of  Rensselaer  County.  One  of  the  objects  of  this  work  was  to  ob¬ 
tain  data  for  the  purpose  of  determining  what  was  originally  in¬ 
cluded  in  the  “Taconic  System”  by  its  author,  Dr.  Emmons;  another 
was  to  make  a  geologic  map  of  the  two  counties  that  could  be  incorpo¬ 
rated  with  the  N e w  Y ork  State  geologic  map,  in  preparation  under  the 
charge  of  Mr.  W  J  McGee.  The  boundaries  of  the  various  geologic 
formations  were  determined  and  the  geologic  horizon  of  each  of 
them  fixed  by  the  discovery  of  numerous  localities  where  character¬ 
istic  fossils  occurred.  At  various  times  during  the  field  season  I 
crossed  into  Vermont,  and  also  into  Massachusetts,  so  as  to  cross- 
section  the  entire  Taconic  area  to  the  pre-Cambrian  rocks  of  the 
Green  Mountains,  upon  which  the  lowest  member  of  the  Cambrian 
system  rests  on  the  east. 

The  stratigraphy  of  the  eastern  portion  of  this  area  was  found  to 
be  essentially  as  described  by  Dr.  Emmons,  but  the  finding  of  fossils 
in  the  quartzite  on  the  east,  and  also  in  the  overlying  limestones, 
proved  that  he  had  misinterpreted  the  geologic  age  of  the  greater 
portion  of  the  original  “  Taconic  System.”  The  study  of  the  strata, 
included  in  the  “Upper  Taconic”  by  Dr.  Emmons,  proved  that  he  had 
included  a  great  mass  of  the  Hudson  terrane  in  the  “Upper  Ta¬ 
conic,”  and  also  that  he  had  made  errors  of  observation  along  the 
line  of  contact  of  the  rocks  of  the  Lower  Silurian  terrane  with 
those  of  the  Cambrian.  At  all  localities  given  by  him  I  found  that 
the  Cambrian  rocks  were  thrust  over  onto  the  Lower  Silurian  rocks; 
and  in  no  instance  did  I  find  that  the  latter  rocks,  either  by  original 
deposition  or  by  subsequent  dislocation,  were  above  or  on  the  strata 
belonging  to  the  Cambrian  system. 

One  result  of  the  study  of  the  geology  of  Washington  County 
has  been  the  determination  of  a  thickness  of  Cambrian  strata  greater 
than  all  sedimentary  rocks  heretofore  known  in  the  State  of  New 
York  above  the  horizon  of  the  Potsdam  terrane.  The  sections  are 
not  yet  completed,  but  I  think  that  more  than  16,000  feet  of  strata 
may  be  referred  to  the  Cambrian. 

The  data  obtained  in  the  study  of  the  strata  of  the  Hudson  ter- 
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rane  enables  me  to  state  that  that  terrane  has  a  thickness  of  over 
6,000  feet  in  the  valley  of  the  Hudson,  and  also  that  it  is  composed 
of  several  quite  distinct  formations,  characterized  by  their  lithology. 
At  the  close  of  the  field  season  I  visited  localities  in  Schoharie  County, 
N.  Y. ,  for  the  purpose  of  examining  the  section  of  the  Hudson  ter¬ 
rane  so  well  exposed  in  the  vicinity  of  Knowersville.  The  exposed 
section  and  the  record  of  a  deep  well  prove  that  it  has  a  thickness  of 
over  3,000  feet  at  the  latter  place. 

In  May,  in  company  with  Prof.  N.  S.  Shaler,  I  visited  the  locali¬ 
ties  of  Middle  Cambrian  rocks  discovered  by  him  near  North  Attle¬ 
borough,  Mass.,  and  also  looked  over  the  comparatively  large  series 
of  fossils  which  had  been  collected  under  his  direction.  The  discov¬ 
ery  of  this  area  of  Cambrian  strata  is  of  unusual  interest,  as  it  gives 
a  datum  point  in  the  midst  of  a  large  scope  of  unidentified  strata, 
and  also  affords  important  information  in  relation  to  the  distribu¬ 
tion  of  the  Cambrian  fauna. 

During  the  month  of  June  I  re-examined  with  care  the  lower  portion 
of  the  Cambrian  section  in  the  township  of  Greenwich,  as  well  as  the 
upper  portion  in  the  township  of  Salem,  Washington  County,  N.  Y. 

Mr.  Ira  Sayles  was  instructed  to  collect  fossils  from  certain  local¬ 
ities  in  Washington  County,  and  he  was  thus  engaged  in  field  work 
until  late  in  October. 

One  of  the  important  results  of  the  field  work  of  the  year  was  the 
collection,  by  Mr.  W.  P.  Rust,  of  a  large  series  of  fossils  at  Fort 
Cassin,  Vt.,  from  the  Chazy  terrane.  He  also  collected  a  large 
quantity  of  material  in  the  vicinity  of  Watertown  and  Middleville, 
N.  Y. ;  these  being  the  typical  localities  from  which  were  obtained 
most  of  the  fossils  described  as  from  the  Trenton  limestone  in  the 
first  volume  of  the  Paleontology  of  New  York.  The  result  of  this 
work  is  represented  in  the  large  collection  sent  in  by  Mr.  Rust,  after 
he  had  carefully  worked  up  the  material  ready  for  study  or  exhibi¬ 
tion.  This  collection  includes: 

Specimens. 


Chazy  terrane .  1,570 

Trenton  terrane .  2,914 

Hudson  terrane .  667 


Total .  5, 151 


Prof.  Henry  S.  Williams  reports  that  owing  to  the  pressure  of 
work  connected  with  his  duties  at  Cornell  University  he  was  not 
able  to  do  much  field  work  during  the  past  season,  but  that  he  did 
accomplish  something  in  the  vicinity  of  Cayuga  Lake  and  in  Chau¬ 
tauqua  County,  N.  Y. 

Mr.  Robert  T.  Hill  was  assigned  to  this  division  as  an  assistant, 
but  with  the  exception  of  being  with  me  for  ten  days  in  August,  in 
western  Massachusetts,  his  time  was  given  to  work  in  connection 
with  the  Geological  Survey  of  Arkansas. 


118 


ADMINISTRATIVE  REPORTS  BY 


When  east,  in  May,  I  visited  Boston  and  Cambridge,  Mass. ,  and 
examined  certain  collections  of  Cambrian  fossils  in  the  Museum  of 
Comparative  Zoology  at  Cambridge  and  in  the  rooms  of  the  Boston 
Society  of  Natural  History  at  Boston.  On  my  return  trip  to  Wash¬ 
ington  I  stopped  a  few  hours  to  see  the  collections  of  Paleozoic  fos¬ 
sils  at  the  Peabody  Museum,  New  Haven,  Conn. 

By  verbal  direction  I  met  yon  at  the  meeting  of  the  American 
Association  for  the  Advancement  of  Science,  in  New  York  City, 
August  10,  for  consultation  and  to  be  present  at  the  meeting  of  the 
Geologic  Section.  I  there  gave  a  brief  notice  of  the  work  accom¬ 
plished  by  me  on  the  Cambrian  rocks  of  southern  V ermont  and  north¬ 
western  Massachusetts,  and  also  read  a  paper  on  a  deep  well,  drilled 
in  the  Silurian  and  Cambrian  rocks  of  Oneida  County,  N.  Y. 

OFFICE  WORK. 

Prof.  Henry  S.  Williams  has  continued  the  elaboration  of  the  col¬ 
lections  of  Devonian  fossils,  made  in  previous  years,  with  the  iden¬ 
tification  of  the  fossils  and  comparison  of  the  faunas.  His  report 
on  the  Genesee  section,  across  New  York  State,  has  been  published 
as  Bulletin  No.  41. 

The  general  bearing  of  his  studies  upon  the  unifying  of  nomen¬ 
clature  and  classification  has  been  discussed  in  a  report  to  the  Inter¬ 
national  Congress  of  Geologists. 

Through  the  assistance  of  Mr.  Ira  Sayles  locality  labels  were  af¬ 
fixed  to  a  large  part  of  the  Devonian  material  collected  by  Professor 
Williams,  and  a  good  start  was  made  in  packing  duplicate  material 
preparatory  to  sending  it  to  the  National  Museum. 

On  my  return  from  the  field,  in  November,  I  began  the  prepara¬ 
tion  of  a  paper  on  “  The  Taconic  System  of  Emmons,  and  the  use  of 
the  name  Taconic  in  geologic  nomenclature.  ”  This,  with  the  routine 
work  of  the  office  and  the  study  of  material  from  the  Cambrian 
system  with  relation  to  the  succession  of  the  Cambrian  faunas, 
occupied  my  time  until  leaving  for  the  field  in  the  latter  part  of  May. 

Early  in  May  I  began  work  on  the  identification  of  a  collection  of 
Devonian  and  Carboniferous  fossils  which  were  collected  by  Dr.  A. 
C.  Peale  in  Montana.  This  was  completed,  and  the  lists  were  fur¬ 
nished  to  Dr.  Peale  May  22. 

A  small  collection  of  Devonico-Carboniferous  fossils  from  Col¬ 
orado  was  examined  for  Prof.  S.  F.  Emmons,  and  a  note  thereon 
sent  to  him. 

Mr.  Ira  Sayles  was  engaged  in  unpacking  and  arranging  the  ma¬ 
terial  collected  by  him  during  the  field  season  until  February,  when 
he  was  detailed  to  assist  Prof.  Henry  S.  Williams,  at  Ithaca,  N.  Y., 
in  placing  record  labels  on  the  specimens  belonging  to  the  U.  S. 
Geological  Survey  and  in  packing  the  duplicates.  This  work  was 
not  completed  at  the  close  of  the  fiscal  year. 
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Mr.  A.  D.  Duganne  was  employed  during  April  and  May  in  un¬ 
packing  the  collections  sent  in  by  Mr.  William  P.  Rust  and  affixing 
record  labels  to  them. 

Mr.  J.  W.  Gentry  remained  in  charge  of  the  office  during  my 
absence  in  the  field.  He  made  progress  in  the  compilation  of  a  card 
catalogue  of  Paleozoic  fossils.  During  the  whole  year  he  attended  to 
the  general  clerical  work  of  the  division. 

As  honorary  curator,  in  charge  of  the  collections  of  the  inverte¬ 
brate  Paleozoic  fossils  of  the  U.  S.  National  Museum,  my  attention 
was  given  at  various  times  during  the  year  to  the  arrangement  of  the 
collections;  and  in  May  a  series  of  fossils  was  placed  in  the  exhi¬ 
bition  cases  through  the  aid  of  Mr.  R.  R.  Gurley,  Museum  assistant. 
This  series  includes,  from  the 

Specimens. 

Cambrian .  1,331 

Lower  Silurian  .  .  .  2, 736 

Upper  Silurian .  1,711 

Devonian .  2,076 

Carboniferous .  3, 101 

Total .  10, 955 

The  following  material  was  transferred  from  the  Survey  collections 
to  those  of  the  Museum:  (1)  One  specimen  from  Mr.  C.  E.  Beecher, 
Albany,  N.  Y.,  from  the  Lower  Helderberg  terrane  of  the  Silurian 
system;  (2)  one  box  of  geologic  specimens,  secured  by  me  from  Lake 
George,  N.  Y. ;  (3)  the  collection  of  Mr.  L.  J.  Bennett,  Buffalo,  N.  Y. 
containing  twenty-nine  specimens  from  the  Waterlime  terrane  of 
the  Silurian  system;  (4)  fifty-two  specimens  from  the  Cambrian 
system,  from  my  own  collections. 

As  in  previous  years,  the  Director  of  the  Museum  provided  the 
necessary  facilities  for  the  care  of  the  collections. 

More  room  for  the  proper  storage  of  the  unworked  collections  of 
the  Geological  Survey  is  necessary.  Collections  once  unpacked  for 
preliminary  examination  should  not  be  repacked  and  again  un¬ 
packed  before  they  are  studied.  The  final  study  of  the  collections 
from  any  given  geologic  area  can  not  well  be  taken  up  until  the  ge¬ 
ologists  have  completed  the  field  work  within  such  area,  and,  as  this 
work  often  extends  through  several  years,  and  they  wish  a  prelimi¬ 
nary  report  upon  the  collections  of  each  year,  the  necessity  of  hav¬ 
ing  the  material  in  accessible  storage  cases  is  very  urgent. 

The  following  publications,  made  on  the  results  of  studies  carried 
on  in  this  division,  appeared  during  the  year: 

Note  on  the  Genus  Arcliaeocyathus  of  Billings;  Charles  D.  Walcott,  Am.  Jour. 
Sci.,  vol.  34,  August,  1887;  2  pages. 

Fauna  of  the  “Upper  Taconic”  of  Emmons,  in  Washington  County,  N.  Y. ; 
Charles  D.  Walcott,  Am.  Jour.  Sci.,  vol.  34,  pp.  187-199,  pi.  i,  September,  1887. 

Section  of  Lower  Silurian  (Ordovician)  and  Cambrian  Strata  in  central  New  A  ork, 
as  shown  by  a  deep  well  near  Utica;  Charles  D.  Walcott,  Proc.  Am.  Assoc.  Adv. 
Sci.,  vol.  36,  1887,  p.  212. 
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Discovery  of  Fossils  in  the  Lower  Taconic  of  Emmons;  Charles  D.  Walcott,  Proc. 
Am.  Assoc.  Adv.  Sci.,  vol.  36,  1887,  p.  213. 

The  Taconic  System  of  Emmons,  and  the  use  of  the  name  Taconic  in  Geologic 
nomenclature;  Charles  D.  Walcott,  Am.  Jour.  Sci.,  vol.  35,  pp.  229-242,  March, 
1888;  pp.  307-327,  April,  1888;  pp.  394-401,  May,  1888,  (a  total  of  43  pages),  with 
13  figures  and  map. 

Respectfully, 

Charles  D.  Walcott, 

Paleontologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  DR.  C.  A.  WHITE. 

Division  of  Mesozoic  Invertebrates, 

Washington,  July  1,  1888. 

Sir:  I  have  the  honor  to  make  the  following  report  of  the  office 
and  field  work  which  has  been  done  by  the  division  of  the  survey  in 
my  charge  during  the  fiscal  year  ending  June  30,  1888: 

The  office  work  of  the  division  occupied  all  the  time  from  July  1 
to  October  4  inclusive.  This  work  consisted  of  the  study  of  the  fos¬ 
sil  collections  which  have  been  made  by  this  division  as  well  as  of 
others  made  by  members  of  other  divisions,  in  the  preparation  of  a 
part  of  the  results  of  those  studies  for  publication,  in  writing  up  the 
results  of  previous  investigations  and  in  the  ordinary  routine  office 
work. 

On  October  5,  in  accordance  with  your  instructions,  I  proceeded 
to  Texas,  for  the  purpose  of  resuming  the  investigations  in  the  field 
which  I  had  prosecuted  there  in  the  preceding  year,  taking  with  me 
my  assistant,  Mr.  C.  B.  Boyle.  From  the  city  of  Dallas,  as  a  center, 
I  extended  these  field  observations  into  the  neighboring  counties  of 
Tarrant,  Denton,  Kaufman,  and  Navarro.  This  work  consisted  of 
an  investigation  of  the  stratigraphic  relations  of  the  formations  oc¬ 
curring  in  that  region  with  one  another  and  with  those  of  other  re¬ 
gions;  and  it  also  embraced  a  study  of  their  paleontological  charac¬ 
teristics. 

The  special  object  of  this  work  was  to  ascertain  as  clearly  as  pos¬ 
sible  the  relation  between  the  Cretaceous  formations  which  occur  in 
Texas  with  those  which  are  found  to  the  eastward,  westward,  and 
northward  of  that  region  respectively.  The  result  has  been  in  a 
high  degree  satisfactory,  but  much  yet  remains  to  be  done  in  that 
connection.  I  was  able,  on  paleontological  grounds,  to  correlate  the 
upper  formations  of  the  Cretaceous  series  in  that  part  of  Texas  with 
the  Rotten  Limestone  and  Ripley  formations  of  Mississippi  and  Ala¬ 
bama  with  an  unexpected  degree  of  clearness.  Besides  this,  a  part 
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of  the  series  beneath  these  upper  formations  are  now  regarded  with 
nearly  equal  confidence  as  equivalent  with  certain  of  the  formations 
of  western  Texas  and  of  the  great  interior  region  which  stretches  to 
the  northward.  The  basis  of  these  latter  correlations  was  in  large 
part  paleontological;  but  lithological  characters,  as  well  as  the  order 
of  the  superposition  of  the  formations,  received  due  consideration. 

In  connection  with  this  field  work  important  collections  of  fossils 
were  made,  which  have  not  only  served  their  purpose  in  the  correla¬ 
tion  of  the  formations  which  has  just  been  referred  to,  but  they 
contain  many  forms  not  heretofore  known. 

I  employed  Mr.  W.  F.  Cummins  in  this  work  as  temporary  field 
assistant;  and  his  familiarity  with  that  region  and  its  geology  greatly 
facilitated  its  progress. 

From  Dallas  I  proceeded  to  Eagle  Pass,  for  the  purpose  of  ascer¬ 
taining,  if  possible,  the  relation  of  the  southern  continuation  of  the 
great  Laramie  group  with  the  marine  Tertiary  formation  of  the  Gulf 
coast  region.  Procuring  an  outfit  for  field  travel  at  Eagle  Pass,  I 
proceeded  southward  from  that  place  upon  the  Texan  side  of  the 
Rio  Grande,  making  my  observations  by  the  way.  The  strata  ex¬ 
posed  in  the  hills  about  Eagle  Pass,  which  consist  mainly  of  sand¬ 
stones,  but  which  bear  one  or  more  beds  of  coal  there,  I  had  previ¬ 
ously  correlated  with  the  Fox  Hills  group  of  the  Cretaceous  series 
which  so  extensively  prevails  to  the  northward.  These  strata  were 
found  to  dip  gradually  in  the  direction  of  the  course  of  the  river 
and  to  receive  upon  them  those  of  the  Laramie  group.  The  strata 
of  the  Laramie  group  were  found  well  exposed  along  the  banks  of 
the  Rio  Grande,  from  twenty-five  to  thirty  miles  above  Laredo, 
where,  like  the  underlying  formation,  they  contain  one  or  more 
workable  beds  of  coal.  They  also  occur  on  the  Mexican  side  of  the 
Rio  Grande,  where  characteristic  Laramie  fossils  have  been  found. 

These  Laramie  strata  on  both  sides  of  the  Rio  Grande  were  found 
to  dip  gently  to  the  southeastward,  as  the  underlying  formation  had 
been  seen  to  do,  and  to  receive  upon  them,  in  the  neighborhood  of 
Laredo,  sandy  strata,  which  bear  an  abundance  of  characteristic 
marine  Eocene  fossils.  The  bearing  and  importance  of  these  obser¬ 
vations  I  have  pointed  out  in  a  published  article,  the  title  of  which 
is  given  among  others  at  the  end  of  this  report;  and  I  shall  have 
frequent  occasion  to  refer  to  them  in  the  course  of  my  subsequent 
work. 

After  completing  the  field  observations  which  I  had  undertaken 
in  the  region  round  about  Laredo  I  returned  to  Washington,  arriv¬ 
ing  on  the  14th  of  November.  Office  work  was  resumed  and  con¬ 
tinued  until  April  5,  1888.  This  latter  work  consisted  in  elaborating 
the  results  of  the  field  work  just  completed  and  in  studying  the 
fossil  collections  which  had  been  made  by  myself  and  my  assistants, 
as  well  as  those  made  by  members  of  other  divisions  of  the  survey. 
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On  April  5,  in  accordance  with  your  direction,  I  proceeded  to  the 
Gulf  States  east  of  the  Mississippi  River,  for  the  purpose  of  pursu¬ 
ing  field  observations  there,  taking,  as  before,  Mr.  Boyle  with  me. 
This  work,  besides  being  a  continuation  of  that  which  I  had  done 
in  previous  years  in  Texas  and  elsewhere,  had  an  additional  object. 
This  was  to  accumulate  data  by  personal  observation  for  a  work 
which  I  am  preparing  on  the  Cretaceous  of  North  America,  and 
which  I  had  undertaken  after  the  close  of  my  last  field  work  in 
Texas. 

These  observations  were  made  at  numerous  localities  along  the 
trend  of  the  Cretaceous  formations  as  they  are  exposed  in  the  States 
of  Mississippi,  Alabama,  and  Georgia,  and  embraced  a  review  of  the 
whole  Cretaceous  series  exposed  in  those  States  and  its  relations  to 
the  underlying  and  overlying  formations.  Upon  the  completion  of 
this  field  work  we  returned  to  Washington,  arriving  on  April  30, 
when  office  work  was  again  resumed.  This  latter  work  consisted 
mainly  in  the  collation  of  the  data  necessary  for  the  preparation  of 
the  memoir  on  the  North  American  Cretaceous,  before  referred  to, 
for  publication. 

On  May  17,  in  accordance  with  your  directions,  I  resumed  field 
operations  similar  to  those  which  I  had  made  in  the  Gulf  States,  and 
for  a  similar  purpose.  These  observations  were  carried  through 
portions  of  the  States  of  Maryland,  Delaware,  Pennsylvania,  and 
New  Jersey,  and  continued  upon  Staten  Island,  Long  Island,  and 
Martha’s  Vineyard.  In  this  journey  the  principal  Cretaceous  local¬ 
ities  in  the  States  named  were  visited,  as  well  as  a  number  of  locali¬ 
ties  where  strata  are  exposed,  concerning  the  Cretaceous  age  of  which 
geologists  differ  in  opinion.  I  returned  to  Washington  on  June  4, 
again  resuming  office  work,  which  was  continued  until  June  30. 

During  the  past  fiscal  year  I  have  prepared  for  publication  a  num¬ 
ber  of  articles  which  contain  results  of  my  geological  and  paleonto¬ 
logical  studies.  The  following  is  a  list  of  their  titles,  together  with 
the  places  of  their  publication : 

(1)  Bulletin  of  theU.  S.  Geological  Survey  (No.  51),  under  the  general  title,  “  On 
invertebrate  fossils  from  the  Pacific  coast,”  together  with  fourteen  plates  of 
illustrations,  and  with  the  five  following  subordinate  titles: 

(a)  New  fossil  mollusca  from  the  Chico-Tejon  series  of  California. 

(b)  The  occurrence  of  equivalents  of  the  Chico-Tejon  series  in  Oregon  and 

Washington  Territory. 

(c)  Cretaceous  fossils  from  the  Vancouver’s  Island  region. 

(d )  The  molluscan  fauna  of  the  Puget  group. 

(e)  Mesozoic  mollusca  from  the  southern  coast  of  the  Alaskan  peninsula. 

(2)  Remarks  on  the  genus  Aucella,  with  especial  reference  to  its  occurrence  in 
California.  (Appendix  to  Chapter  V  of  Monograph  XIII,  pp.  226-232,  Pis.  Ill, 
IV.) 

(3)  On  the  relations  of  the  Laramie  group  to  earlier  and  later  formations.  (Am. 
Jour.  Sei.,  3d  series,  vol.  35,  pp.  432-438.) 
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(4)  On  the  occurrence  of  Later  Cretaceous  deposits  in  Iowa.  (Am.  Geologist, 
vol.  1,  pp.  221-227,  April,  1888.) 

(5)  Mountain  upthrusts.  (Am.  Naturalist,  vol.  22,  May,  1888,  pp.  899-408. ) 

(6)  On  Hindeastrsea,  a  new  generic  form  of  Cretaceous  Astrseidm.  (Geol.  Maga¬ 
zine,  Decade  III,  vol.  5,  pp.  362, 363. 

(7)  On  the  geology  and  physiography  of  a  portion  of  northwestern  Colorado 
and  adjacent  parts  of  Utah  and  Wyoming.  (Ninth  Amiual  Report  of  the  Director 
of  the  U.  S.  Geological  Survey.) 

All  of  which  is  respectfully  submitted. 

C.  A.  White, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  W.  H.  DALL. 

Division  of  Cenozoic  Invertebrates, 
Washington,  D.  C.,  July  1,  1888. 

Sir  :  I  have  the  honor  to  report  herewith  on  the  operations  of  the 
Division  of  Cenozoic  Paleontology  during  the  fiscal  year  commenc¬ 
ing  July  1,  1887. 

For  the  constant  and  cordial  cooperation  which  you  have  always 
extended  to  me  in  the  work  under  your  direction,  as  to  all  others 
similarly  employed,  I  can  not  refrain  from  expressing  my  gratitude 
and  appreciation. 

FORCE. 

The  force  of  the  division  has  comprised,  besides  the  writer,  Dr. 
R.  E.  C.  Stearns  and  Mr.  Frank  Burns,  besides  Messrs.  Stuart  and 
O’Connor,  temporarily  employed  for  brief  periods. 

ROUTINE  work. 

The  routine  work  of  the  division  consists  in  part  of  paleonto¬ 
logical  identifications  made  for  other  divisions  of  the  Survey,  or  at 
the  request  of  the  Director  for  other  persons;  and,  secondly,  of  the 
work  of  cleaning,  assorting,  classifying,  naming,  cataloguing,  label¬ 
ing,  and  arranging  for  easy  reference  the  fossils  collected  by  the 
members  of  the  Survey  from  Tertiary  deposits.  This  second  branch 
of  the  work  is  that  which  requires  the  most  labor,  much  of  it  of  a 
clerical  kind,  and  especially  because,  when  I  took  charge  of  this 
division,  there  was  an  enormous  amount  of  material,  accumulated 
from  previous  years,  on  which  no  work  had  been  done.  This  part 
of  the  work  had  also  been  hampered  by  the  want  of  sufficient  room 
to  spread  out  the  fossils  or  have  easy  access  to  those  which  are  not 
directly  under  treatment.  The  work  has  been  facilitated  by  assist- 
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ance  rendered,  with  the  permission  of  the  Director  of  the  National 
Museum,  by  Mr.  P.  L.  Jouy,  aid  to  the  Museum  for  the  department 
of  recent  and  fossil  Tertiary  mollusks.  The  work  on  the  two  kinds 
of  material  being  necessarily  synchronous,  it  has  been  conducted 
simultaneously,  to  the  benefit  of  both  the  Survey  and  the  Museum. 
The  material  referred  to  the  Division  for  examination  and  report 
has  in  all  cases  been  promptly  attended  to,  and  there  are  no  arrears 
of  this  kind.  The  final  registrations  for  the  year  1886-’87  were 
10,530  entries,  equivalent  to  about  32,000  specimens;  for  1887-’88 
the  total  is  11,803,  corresponding  to  about  35,400  specimens.  But 
it  should  be  remembered  that  this  work  was  done  with  less  clerical 
assistance  than  that  of  the  previous  year,  as  during  fully  half  the 
year  this  division  has  been  without  any  competent  or  trustworthy 
clerk,  while  in  1886-87  there  was  no  such  deficiency. 

FIELD  WORK. 

Field  work  has  been  carried  out  by  the  division  in  California, 
Florida,  and  New  Jersey.  In  August,  September,  and  October  Dr. 
Stearns  was  engaged  on  an  investigation  of  the  supposed  Pliocene 
-deposits  of  southern  California,  near  the  Mexican  boundary,  and  San 
Diego,  Cal.,  shipping  sixteen  boxes  of  fossils  to  Washington. 

In  October,  hearing  from  Prof.  R.  P.  Whitfield,  who  is  engaged 
on  a  report  on  the  Miocene  paleontology  of  New  Jersey,  especially 
the  fauna  of  the  marls,  that  he  was  hampered  by  an  insufficiency  of 
material,  I  sent  Mr.  Frank  Burns  to  the  marl  region  near  Bridge- 
ton,  N.  J.,  where,  after  a  stay  of  four  or  five  weeks  (October-No- 
vember,  1887),  though  much  impeded  by  rains,  he  was  able  to  sup¬ 
ply  Prof.  Whitfield  with  twelve  boxes  of  fossils,  including  many 
which  that  gentleman  had  not  before  received.  Later  in  the  season 
(June,  1888)  I  visited  the  locality  to  determine  the  geological  aspect 
of  the  deposits,  which  I  was  informed  by  Professor  Cook,  State 
geologist  of  New  Jersey,  was  not  well  understood  or  anywhere 
fully  described.  A  short  stay  enabled  me  to  secure  the  desired 
data. 

In  February,  in  pursuance  of  the  instructions  received  from  you 
in  regard  to  a  general  review  of  our  Plio-Miocene  formation,  I  sent 
Mr.  Burns  to  Tampa,  Fla.,  with  instructions  to  collect  as  fully  as 
possible  the  fossil  fauna  of  the  silex  beds  of  Ballast  Point  and  vicin¬ 
ity  and  to  determine  their  extent,  and  subsequently  to  endeavor  to 
trace  the  sequence  of  the  Tertiary  strata  at  the  surface  along  the 
line  of  the  Florida  Southern  Railway  between  Lakeland  and  Char¬ 
lotte  Harbor,  at  Punta  Gorda. 

He  remained  in  the  field  until  May  in  spite  of  the  yellow  fever, 
alleged  to  be  lurking  about  Tampa,  and  then  returned  with  a  fine 
collection  of  the  silex  fossils  and  numerous  notes  on  the  points  to  be 
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investigated,  but  nothing  absolutely  decisive,  tbe  ground  being  ob¬ 
scured  by  deep  beds  of  sand  and  Post-Pliocene  deposits  and  raised 
but  little  above  the  sea  level. 

Meanwhile  we  have  had  the  kind  cooperation  of  Mr.  Joseph  Will- 
cox,  who  has  been  exploring  the  Floridian  geology  year  by  year  on 
his  own  account,  adding  very  largely  to  our  knowledge  of  the  dis¬ 
tribution  of  the  fossil  fauna  as  well  as  the  extent  of  the  respective 
formations.  During  the  winter  Mr.  Willcox  has  demonstrated  the 
presence  of  the  Pliocene  farther  north  and  the  Miocene  farther  south 
than  had  been  previously  reported.  He  also  found  in  the  northern 
part  of  the  Everglades  coral-limestone  of  the  nature  of  that  described 
by  Agassiz  on  the  Keys,  while  showing  that  this  kind  of  coral  rock 
does  not  extend  beyond  the  Everglades  northward  in  the  region 
traversed.  A  report  on  these  rocks  and  their  fauna,  based  on  the 
collections  of  the  Survey  and  those  made  by  Mr.  Willcox,  is  already 
somewhat  advanced,  and  will,  it  is  supposed,  be  completed  during 
the  next  half  year. 

COOPERATIVE  WORK. 

The  policy  of  enlisting  the  interest,  and  as  far  as  possible  the  ac¬ 
tivity,  of  individuals  not  officially  connected  with  the  Survey  in 
supplementing  and  extending  its  work  is  one  that  is  its  own  recom¬ 
mendation.  In  no  other  way  can  so  much  be  accomplished  which  is 
desirable  for  science  without  expense  to  the  Government. 

In  addition  to  the  material  put  into  the  hands  of  Professor  Whit¬ 
field  to  enrich  his  means  of  study  as  above  referred  to,  and  the  co¬ 
operation  with  Mr.  Willcox  in  the  exploration  of  Florida,  the  Divis¬ 
ion  of  Cenozoic  paleontology  has  been  able  to  enlist  the  sympathy 
and  services  of  Mr.  T.  H.  Aldrich,  who  is  at  work  on  the  Alabama 
Tertiaries  and  the  Eocene  formation  in  particular.  He  has  been 
furnished  with  material  for  study  and  has  contributed  named  mate¬ 
rial  for  the  easier  identification  of  our  specimens  at  the  Museum. 
Mr.  Aldrich  is  having  the  original  type  specimens  of  Say,  Conrad, 
and  other  early  writers  carefully  figured,  and  the  results  of  his  studies 
will  doubtless  be  important  for  American  paleontology.  The  divis¬ 
ion  has  also  co-operated  with  the  Johns  Hopkins  University  through 
its  member,  Mr.  W.B.  Clark,  who  is  working  up  the  Maryland  Ter¬ 
tiaries,  and  to  whom  named  duplicates  have  been  sent  to  assist  him 
in  his  identifications.  Named  duplicates  have  also  been  furnished 
the  Wesleyan  University  at  Middletown,  Conn.,  through  the  Na¬ 
tional  Museum,  and  material  for  study  has  been  furnished  Dr.  Joseph 
Leidy,  of  Philadelphia. 

The  writer  has  also,  at  the  request  of  the  Secretary  of  State,  placed 
his  special  knowledge  of  Alaskan  geography  and  history  at  the  dis¬ 
posal  of  the  Department,  and  has  engaged  in  several  conferences  on 
subjects  connected  with  the  settlement  of  the  question  of  the  bound- 
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ary  between  tlie  territory  of  Great  Britain  and  the  United  States 
in  Alaska  and  the  Northwest  Territory. 

The  cooperation  between  the  division  and  the  U.  S.  National  Mu¬ 
seum,  authorized  by  yourself  and  the  late  Professor  Baird,  has  con¬ 
tinued,  as  heretofore,  with  beneficial  results. 

The  late  Dr.  Isaac  Lea  left  his  collection  of  minerals,  fossils,  and 
mollusks  to  the  Museum,  a  collection  of  great  interest  to  the  Survey, 
not  only  as  containing  part  of  Dr.  Lea’s  types  of  original  fossils  de¬ 
scribed  by  him  from  Alabama  in  1836,  but  as  containing  a  fine  series 
of  foreign  Tertiary  species,  of  British  Mesozoic  species,  many  Pale¬ 
ozoic,  especially  Coal  Measure  fossil  animals  and  plants,  and  even  a 
series  received  from  Dr.  Emmons  himself  of  several  of  the  primor¬ 
dial  fossils  from  the  original  Taconic  formation  so  long  and  bitterly 
disputed.  The  value  of  these  things  being  largely  dependent  on  the 
preservation  of  their  labels  and  identity,  I  went  to  Philadelphia  on 
two  occasions  to  supervise  the  proper  packing,  in  the  course  of 
which  work,  to  prevent  loss  of  identification,  I  placed  on  the  speci¬ 
mens  themselves — of  which  there  are  some  20,000 — more  than  85,000 
written  figures,  and  registered  in  the  catalogue  over  3,000  typical 
specimens,  representing  about  half  as  many  species.  This  collec¬ 
tion,  exclusive  of  duplicates,  occupied  some  sixty  packing  boxes, 
and  is  now  safely  deposited  in  the  Museum.  This  work  was  ex¬ 
tremely  tedious  and  wearing;  but  it  was  well  worth  the  trouble  to 
preserve  the  value  of  this  unique  series. 

WORK  OF  RESEARCH. 

The  regular  routine  and  other  work  above  described,  in  the  absence 
of  sufficient  clerical  assistance,  has  left  little  time  for  original 
research.  However,  investigations  have  been  in  progress  on  the 
Plio-Miocene  of  Florida,  of  which  four  or  five  hundred  species  have 
been  discriminated  and  in  part  compared  with  their  recent  descend¬ 
ants.  An  interesting  fauna  of  Miocene  land  shells  has  been  dis¬ 
covered  in  the  silex  beds,  and  the  lineage  of  several  well-known  spe¬ 
cies  of  marine  shells  has  been  traced  from  the  Eocene  to  the  living 
representatives  of  the  present  day.  This  work  will  probably  be  com¬ 
pleted  during  the  year. 

A  visit  to  the  marl  beds  of  southwestern  New  Jersey  has  resulted 
in  showing  that  above  the  barren  black  sand  of  unknown  depth 
which  forms  the  base  of  the  marl  series  there  are  three  successive, 
unconformable,  distinct  strata  of  marl.  The  bottom  stratum  or 
“  shell  marl”  is  eight  or  ten  feet  thick,  blackish  when  wet  as  it  lies 
in  the  bed,  of  a  grayish-green  when  dry,  with  numerous  rolled  frag¬ 
ments  and  broken  pieces  of  white  fossil  shells  scattered  through  it. 
With  these  fragments  are  occasional  complete  specimens  of  Astarte, 
Crassatella,  Turritella,  Balanus,  etc.,  with  occasional  sharks’  teeth 
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and  other  vertebrate  remains.  The  upper  surface  of  the  beds  is 
very  irregular,  showing  evidences  of  denudation  in  the  rounded 
hummocky  surface,  and  the  whole  bears  evidence  of  having  been 
deposited  in  a  region  of  disturbed  water,  where  most  of  the  fossils 
were  carried  by  currents  and  irregularly  mingled.  A  similar  de¬ 
posit,  biologically,  is  now  forming  in  the  sea  off  Cape  Hatteras  at  a 
depth  of  thirty  to  fifty  fathoms. 

Above  the  shell  marl  and  unconformably  filling  its  concavities  is 
the  “black  marl,”  destitute  of  fossils,  and  clayey  or  unctuous  in  feel. 
Of  this  there  are  two  or  three  feet  on  the  average,  and  the  upper  sur¬ 
face  is  irregularly  rounded  and  worn  into  lumps  like  the  sliell-marl 
surface  below.  Above  the  black  marl  is  the  “  yellow  marl,”  also 
chiefly  destitute  of  fossils  and  unconformable  with  the  black  marl 
below  it.  It  is  less  unctuous,  but  rather  greasy,  of  an  orange-brown 
uolor,  and  does  not  average  over  two  feet  in  thickness,  and  is  some¬ 
times  absent  or  even  indicated  only  by  a  narrow  yellow  line.  It  also 
has  an  irregularly  rounded  worn  surface.  Over  this  lies  ten  feet  of 
fine  sandy  drift  gravel  without  fossils,  capped  by  six  inches  of  vege¬ 
table  mold.  The  marl  lies  in  patches  of  comparatively  limited  ex¬ 
tent,  but  the  succession  near  Shiloh,  at  Marlborough  and  Jericho, 
was  essentially  the  same  in  all  the  pits  and  sections.  It  is  quite 
within  the  limit  of  possibility  that  the  vertebrate  animals  whose 
bones  and  teeth  are  found  in  the  marls  did  not  live  at  the  time  those 
marls  were  being  deposited,  but  were  the  relics  of  a  preceding  epoch, 
like  the  Miocene  fossils  now  being  mixed  with  sharks’  teeth  and  the 
recent  fauna  in  the  deposit  of  the  N orth  Carolina  coast,  of  which 
specimens  have  been  dredged  up  by  the  Fish  Commission.  In  that 
deposit  the  teeth  of  recent  and  of  Miocene  sharks  are  indiscriminately 
mingled,  and,  were  it  consolidated  into  rock,  they  would  present  no 
distinguishing  characters  by  which  the  formation  could  be  distin¬ 
guished  from  one  of  Miocene  or  Pliocene  age. 

I  have  called  attention  to  these  facts  here  as  being  of  general  in¬ 
terest,  though  too  brief  in  sum  to  form  the  subject  of  a  report  by 
themselves. 

Very  respectfully, 

Wi.  H.  Dall, 


Paleontologist  in  Charge. 


Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey ,  Washington,  D.  C. 
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REPORT  OF  MR.  LESTER  F.  WARD. 

Division  of  Paleobotany, 

Washington,  D.  C.,  July  1,  1888. 

Sir:  I  liave  the  honor  to  submit  the  following  report  of  the  opera¬ 
tions  of  the  Division  of  Paleobotany  during  the  fiscal  year: 

FIELD  WORK. 

On  July  28,  1887,  pursuant  to  your  instructions,  I  left  Washing¬ 
ton,  and,  accompanied  by  Prof.  F.  H.  Knowlton,  of  the  U.  S.  Na¬ 
tional  Museum,  proceeded  to  Bozeman,  Mont.,  where  an  outfit  was 
secured  for  an  expedition  to  the  National  Park.  The  outfit  consisted 
of  a  two-horse  team  and  driver,  one  general  field  hand,  and  three 
saddle-horses.  For  my  general  field  assistant  I  was  fortunate  in  se¬ 
curing  the  services  of  Mr.  E.  C.  Alderson,  deputy  sheriff  of  Gallatin 
County,  a  very  active  and  intelligent  man,  thoroughly  familiar  with 
that  country  and  skilled  in  every  form  of  wood-craft,  mountaineer¬ 
ing,  and  field  operation.  The  expedition  left  Bozeman  on  August  3 
and  proceeded  to  the  National  Park,  stopping  at  several  points  to 
study  the  deposits  in  and  around  the  Bozeman  coal  mines.  A  day 
was  spent  on  Elk  Creek,  near  Yancey’s,  investigating  certain  erect 
silicified  trunks  and  leaf  beds  at  that  place,  and  on  the  12th  camp 
was  established  on  Amethyst  Creek,  left  bank  of  the  East  Fork  of 
the  Yellowstone.  The  next  seventeen  days  were  spent  in  a  careful 
study  of  the  extensive  fossil  forests  along  the  slope  of  Amethyst 
Mountain,  especially  the  spurs  known  as  Fossil  Forest  Ridge  and 
Specimen  Ridge,  and  in  making  large  collections  not  only  of  leaves, 
fruits,  and  other  vegetable  organs  preserved  in  the  stratified  ledges 
between  the  deposits  of  breccias  and  conglomerates  that  chiefly  make 
up  the  mountains  of  this  section,  but  also  of  sections  of  silicified 
wood,  so  profusely  strewn  over  the  country,  and  of  petrified  trunks, 
found  in  an  erect  position  at  nearly  all  points.  Professor  Knowlton 
made  this  latter  branch  of  the  work  a  specialty,  and  excursions  were 
made  to  many  points  at  which  such  material  was  to  be  found.  Three 
days  (August  27-29)  were  spent  in  making  a  reconnaissance  east¬ 
ward  as  far  as  Cooke  City,  Mont.,  for  the  purpose  of  observing  the 
extent  of  the  volcanic  Tertiary  in  that  direction.  The  fossil  forests 
were  seen  to  continue  along  the  slopes  of  Druid  Peak,  Mt.  Norris, 
Abiathar  and  Baronette  Peaks,  a  short  distance  beyond  the  last- 
named  of  which,  and  near  the  Park  boundary,  the  Carboniferous 
limestone  beds  rise  into  prominence,  and  the  volcanic  beds  at  length 
become  limited  to  the  basaltic  cap  constituting  the  higher  peaks. 

On  August  30  I  sent  the  wagon,  with  the  fossils  already  collected, 
in  charge  of  Professor  Knowlton,  to  Gardiner,  where  they  were  boxed 
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up  for  shipment,  and,  taking  with  me  Mr.  Alderson  and  an  extra 
horse,  with  ten  days’  rations,  I  undertook  a  reconnaissance  up  the 
East  d  ork  and  Miller  Creek  and  eastward  to  the  country  known  as 
the  Hoodoo  Land,  outside  the  Park  limits;  thence  south  westward  to 
the  valley  of  the  East  Fork,  up  Cold  and  Mist  Creeks,  and  over  the 
divide  into  the  valley  of  Pelican  Creek;  thence  southward  along  the 
base  of  the  mountains  to  the  east  of  Yellowstone  Lake,  around 
the  head  of  the  South,  Southwest,  and  Flat  Mountain  arms  of  the 
lake  to  the  Lake  Geyser  on  the  W est  Arm ;  thence  across  the  Conti¬ 
nental  Divide  to  the  Upper  Geyser  Basin,  where  the  remainder  of  the 
party  with  the  wagon  were  awaiting  us,  and  which  place  we  reached 
on  September  8.  On  the  following  day  the  party  was  again  divided, 
Professor  Knowlton  and  Mr.  Alderson  proceeding  by  way  of  the 
lake  shore  and  the  remainder  of  the  party  by  the  wagon  road  to  Sul¬ 
phur  Mountain,  from  which  point  the  expedition  left  the  Park  by 
the  most  practicable  route,  and,  after  having  prepared  the  collection 
for  shipment  from  Cinnabar,  the  railroad  terminus,  proceeded  to 
Bozeman,  and  gave  up  the  outfit  on  the  17th. 

The  scientific  results  of  the  season’s  work  will  be  reported  upon 
in  detail  in  a  separate  paper,  and  it  need  only  be  stated  here  that 
they  were  very  important  and  highly  satisfactory,  and  will  form  the 
basis  for  a  thorough  study  of  the  fossil  flora  of  the  National  Park. 

OFFICE  WORK. 

-  The  force  of  the  division  has  consisted  of  Messrs.  C.  D.  White  and 
D.  W.  Cronin,  who  have  remained  continuously  during  the  year; 
Miss  Annie  S.  Moorehead,  who  remained  only  through  the  months 
of  July  and  August;  Mr.  G.  W.  Stuart  from  July  6  to  31,  1887;  Mr. 
J.  L.  Bowdre,  from  October  3,  1887,  to  May  31,  1888;  Miss  L.  M. 
Schmidt,  from  September  28,  1887,  and  Mr.  F.  von  Dachenhausen, 
from  January  16,  1888,  to  the  present  time. 

The  routine  work  of  the  office  has  consisted  chiefly  in  making 
drawings  of  Laramie  plants,  in  preparing  a  general  bibliography  of 
paleobotany,  and  in  completing  the  species  index  of  fossil  plants. 
Mr.  C.  D.  White  has  had  general  supervision  of  the  drawing,  and 
has  undertaken  to  complete  the  bibliography,  which  it  has  been  de¬ 
cided  to  publish  separately  as  soon  as  it  is  ready.  Messrs.  Cronin 
and  von  Dachenhausen  have  made  many  drawings,  and  those  of  the 
dicotyledonous  leaves  which  were  originally  selected  as  types  were 
completed  on  May  18.  Photographs  of  these  drawings  have  been 
made  and  one  set  has  been  mounted  in  groups  on  large  cards  and 
swung  in  frames  to  a  pillar  such  as  the  Museum  uses  for  exhibiting 
pictures,  etc.  Another  set  has  been  mounted  singly  on  small  cards 
and  arranged  like  a  library  card-catalogue.  This  system  has  been 
adopted  as  the  most  convenient  that  could  be  devised  for  the  study 
and  identification  of  the  fossil  plants. 

9  geol - 9 
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A  good  beginning  has  been  made  in  delineating  the  lower  forms 
(Cryptogams,  Gymnosperms,  and  Monocotyledons),  and  with  the 
present  force  continued,  the  work  on  the  Laramie  flora  will  be  com¬ 
pleted  before  the  end  of  this  fiscal  year. 

The  cataloguing  of  paleobotanical  works  for  the  species  index  has 
been  done  by  Miss  Schmidt,  Mr.  Bowdre,  and  Mr.  Stuart,  and  a 
large  number  of  slips  have  been  added.  Besides  these  duties  Miss 
Schmidt  has  assisted  me  as  type-writer  operator  in  the  preparation 
of  manuscript  and  in  the  correspondence  of  the  office,  and  Mr. 
Bowdre  has  given  much  time  to  the  binding  of  pamphlets,  packing 
fossils,  and  other  general  work. 

On  my  return  from  the  field  in  September  I  resumed  work  on  the 
general  compilation  of  paleobotanical  data.  Owing  to  the  diffused 
condition  of  the  literature  I  found  it  necessary  to  adopt  some  system 
by  which  reference  to  all  the  works  on  any  given  subject  might  be 
more  easily  made,  and  after  careful  consideration  I  decided  to  pre¬ 
pare  an  index  of  titles  which  should  show  the  geographical  position 
and  geological  horizon  to  which  each  memoir,  article,  or  work  is 
devoted,  and  also  such  other  special  topics  as  constitute  its  principal 
subject.  I  gave  all  my  spare  time  to  this  work  and  completed  it  on 
February  15.  Since  that  time,  as  additional  titles  are  found  by 
Mr.  White  in  his  researches,  he  enters  them  up  in  the  title  index 
before  distributing  the  cards. 

On  December  27  I  withdrew  my  manuscript  on  the  Geographical 
Distribution  of  Fossil  Plants,  which  had  not  yet  gone  to  press,  and 
revised  it  thoroughly,  which  occupied  my  time  until  February  9. 

The  remainder  of  the  year  I  have  devoted  in  the  main  to  the  col¬ 
lection  of  data  relating  to  the  correlation  of  American  plant-bear¬ 
ing  deposits,  in  accordance  with  the  plan  which  you  have  author¬ 
ized.  For  special  reasons  I  gave  precedence  to  the  Potomac  forma¬ 
tion,  and  worked  up  the  geographical  distribution  of  its  flora  from 
the  unpublished  monograph  of  Prof.  William  M.  Fontaine.  Having 
completed  this,  I  began  with  the  lowest  formation  and  have  now 
completed  tables  of  distribution  of  the  Cambrian,  Silurian,  and  De¬ 
vonian  floras.  I  hope  to  complete  the  Carboniferous  and  submit  a 
paper  upon  the  Paleozoic  for  publication  in  the  Ninth  Annual  Beport 
of  the  Survey. 

Prof.  Leo  Lesquereux,  in  addition  to  his  duties  in  identifying 
specimens  sent  to  him,  has  completed  his  work  on  the  flora  of  the 
Dakota  group,  and  submitted  it  for  publication.  It  will  form  a 
fair-sized  monograph  of  the  Geological  Survey,  containing  fifty- 
seven  quarto  plates. 

Prof.  F.  H.  Knowlton  has  caused  to  be  prepared  a  large  number 
of  sections  of  fossil  wood  from  the  National  Park.  Before  entering^ 
however,  upon  the  systematic  study  of  the  material  in  his  hands  he 
desired  to  revisit  the  Park  and  make  further  collections.  Accord- 
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ingly,  with  the  co-operation  of  Mr.  Arnold  Hague,  in  charge  of  the 
geology  of  the  Park,  he  left  Washington  on  the  26th  ultimo  for 
Bozeman.  He  will  proceed  to  the  Park  this  month  and  make  a  very 
thorough  study  of  the  country  from  his  special  point  of  view. 

A  collection  of  fossil  leaf  prints  from  Bridgeton,  N.  J.,  probably 
of  Pliocene  age,  was  made  during  the  year  by  Mr.  Frank  Burns 
and  sent  to  me  for  identification.  Not  having  time  at  present  to 
take  it  up,  I  have,  with  your  authorization,  sent  it  to  Mr.  John  I. 
Northrop,  of  Columbia  College,  New  York,  who  has  also  made  a 
collection  from  the  same  beds,  and  who  desires  to  undertake  the 
study  of  fossil  plants.  He  will  do  the  work  under  the  supervision 
of  Dr.  J.  S.  Newberry,  and  the  results  will  be  published  by  the 
Survey. 

Very  respectfully,  your  obedient  servant, 

Lester  F.  Ward, 

Paleontoloqist  in  Cliarqe. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF.  J.  S.  NEWBERRY. 

Columbia  College,  New  Yorh,  July  1,  1888. 

Sir  :  I  have  the  honor  to  report  that  my  work  for  the  U.  S.  Geo¬ 
logical  Survey  during  the  past  year  has  been  as  follows: 

(1)  I  completed  and  forwarded  to  your  office,  in  August,  1887,  my 
monograph  of  “  The  Fossil  Fishes  and  Plants  of  the  Triassic  Rocks 
of  New  Jersey  and  the  Connecticut  Valley.”  It  contained  figures  and 
descriptions  of  all  the  species  of  fishes  and  plants  up  to  the  present 
time  found  in  the  Triassic  areas  of  the  northern  Atlantic  States,  and 
consisted  of  about  two  hundred  and  forty  pages  of  manuscript,  with 
twenty -six  quarto  plates,  one  of  which  was  double. 

(2)  I  finished  and  submitted,  in  April,  1888,  a  monograph  of  the 
Paleozoic  fishes  of  North  America,  prepared  at  your  request.  It 
consisted  of  about  four  hundred  pages  of  manuscript,  with  forty- 
five  quarto  plates,  of  which  five  are  double. 

(3)  I  spent  the  month  of  September,  1887,  in  Colorado,  studying 
the  Laramie  group  and  gathering  a  large  amount  of  material,  speci¬ 
mens,  and  facts  for  the  continuation  of  the  memoir  “  On  the  Creta¬ 
ceous  and  Tertiary  Floras  of  W estern  America,”  on  which  I  have  been 
engaged  for  many  years.  For  this  memoir  I  have  prepared  a  large 
amount  of  manuscript  and  about  one  hundred  and  fifty  quarto' 
plates.  I  hope  to  have  it  finished  by  the  end  of  the  present  year. 
To  do  this  it  will  be  necessary  for  me  to  make  another  trip  to  Colo¬ 
rado,  and  to  have  perhaps  fifty  more  plates  drawn,  for  which  the 
material  is  mostly  at  hand. 
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(4)  The  memoir  which  I  have  been  preparing  for  the  Geolog¬ 
ical  Survey  on  “The  Flora  of  the  Amboy  Clays  of  New  Jersey  is  in 
an  advanced  stage  of  progress.  All  the  material  yet  collected  has 
been  studied,  and  drawings  have  been  made,  which  form  fifty  quarto 
plates.  This  work  also  I  hope  to  have  completed  during  the  coming 
year,  although  the  flora  which  it  illustrates  has  proved  to  be  remark¬ 
ably  rich  and  interesting,  and  it  is  highly  desirable  that  further 
collections  should  be  made  in  a  field  so  accessible  and  one  which 
promises  to  contribute  so  much  to  our  knowledge  of  the  history  of 
the  ancient  vegetation  of  our  country. 

I  may  add  that  the  type  specimens  described  in  the  memoirs  I 
have  mentioned  will  be,  as  far  as  possible,  deposited  in  the  National 
Museum. 

Yours,  respectfully, 

J.  S.  Newberry. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF.  W.  M.  FONTAINE. 

University  of  Virginia,  Va., 

July  1,  1888. 

Sir:  I  have  to  report  the  following  work  done  during  the  past 
year: 

Last  summer  I  visited  the  State  of  Alabama  and  examined  certain 
strata  known  as  the  Tuscaloosa  formation.  The  examination  was 
made  with  a  view  of  determining  the  amount  and  character  of  the 
plant  fossils  existing  in  this  formation.  The  plants  were  found  to 
exist  in  great  numbers  at  several  horizons  and  at  widely  separated 
localities.  Their  preservation  is  such  as  to  permit  the  determina¬ 
tion  of  most  of  them. 

A  small  number  of  fossils  from  different  localities  and  horizons 
were  collected,  but  they  can  be  considered  only  as  indicating  the 
character  of  the  flora.  A  much  more  extensive  search  is  required 
to  gain  a  collection  that  can  be  regarded  as  exhaustive. 

Subsequent  study  showed  that  the  plants  in  question  form  a  flora 
not  hitherto  studied,  which  is  rich  and  abounding  in  dicotyledons. 
Dicotyledons  predominate  by  far,  and  the  evidence,  so  far  as  it  goes, 
indicates  for  the  beds  an  age  not  far  from  that  of  the  upper  member 
of  the  Potomac  formation.  This  group  of  beds  deserves  examina¬ 
tion  for  invertebrate  and  vertebrate  fossils.  These  have  not  yet 
been  found,  but  the  character  of  much  of  the  material  is  highly 
favorable  for  their  preservation. 

Besides  the  above,  I  have  been  engaged  in  the  study  of  the  fossil 
plants  obtained  in  Alabama,  and  also  in  the  completion  of  my  report 
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on  the  geology  of  the  Potomac  formation  in  Virginia.  This  report 
was  submitted  to  you  in  the  fall. 

I  have  also  been  occupied  in  the  examination  of  a  small  collection 
of  fossil  plants  from  the  copper  mines  of  New  Mexico,  and  in  select¬ 
ing,  labeling,  and  wrapping  type  specimens  of  plants  from  the  Po¬ 
tomac  formation  of  Maryland  and  Virginia.  This  work  is  now 
being  done  with  the  purpose  of  transmitting  the  fossils  to  the  Na¬ 
tional  Museum.  The  amount  of  material  is  very  large  and  the 
work  very  tedious. 

Respectfully  submitted, 


Wm.  M.  Fontaine. 


Hon.  J.  W.  Powell, 


Director  U.  S.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  PROF.  SAMUEL  H.  SCUDDER. 

Division  of  Fossil  Insects, 

Cambridge,  Mass.,  July  1,  1888. 

Sir:  During  the  year  just  ended  the  Tertiary  insects  of  North 
America,  and  particularly  of  Florissant,  Colorado,  have  been  the 
basis  of  the  greater  part  of  the  work  in  my  division.  The  Clavicorn 
series  has  formed  the  principal  object  of  study  and  has  proved  an 
exceptionally  difficult  group.  Besides  this,  much  attention  has  been 
given  to  some  new  accessions  to  the  Carboniferous  insect  fauna  of 
the  country,  including  a  few  from  a  new  locality  in  the  coal-field  of 
Rhode  Island.  Removal  to  a  new  laboratory  interfered  for  a  brief 
time  with  continuous  work,  but  this  has  already  been  more  than 
made  good  by  the  greater  advantages  it  offers.  A  considerable 
amount  of  material  on  Coleoptera  has  been  prepared  for  publication 
at  some  future  time,  and  a  beginning  made  on  the  preparation  for 
the  press  of  a  complete  index  to  the  described  fossil  insects  of  the 
world,  which  includes  many  thousand  cards  and  perhaps  three  times 
as  many  references,  arranged  in  a  mixed  alphabetical  and  systematic 
series. 

Much  time  lias  been  given  to  the  careful  selection  of  material  for 
drawing  and  to  the  close  revision  of  the  drawings  at  each  stage  of 
their  preparation  by  Mr.  J.  H.  Blake.  These  have  been  mostly  con¬ 
fined  to  Tertiary  Hymenoptera,  of  which  more  than  one  hundred 
drawings  have  now  been  completed,  while  a  beginning  has  been  made 
on  Carboniferous  Blattarise,  of  which  half  a  dozen  figures  have  been 
finished. 

Respectfully  submitted, 

Sam.  H.  Scudder, 

Paleontologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 
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REPORT  OF  DR.  DAVID  T.  DAY. 

Division  of  Mining  Statistics  and  Technology, 

Washington ,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  present  the  following  administrative  re¬ 
port  of  the  work  in  the  Division  of  Mining  Statistics  and  Technology 
during  the  official  year  1887-’88: 

During  the  first  month  of  the  year  the  revision  of  the  manuscript 
for  the  volume  “Mineral  Resources  of  the  United  States,  1886,”  was 
completed.  On  August  15  this  report  was  in  the  hands  of  the  Pub¬ 
lic  Printer,  and  on  December  22  the  volume  was  published  and  ready 
for  distribution.  During  the  month  of  March,  1888,  a  chart  show¬ 
ing  the  mineral  products  of  the  United  States  during  1886  was  com¬ 
piled  and  3,000  copies  were  distributed. 

For  several  months  prior  to  the  close  of  the  fiscal  year  the  work 
on  the  statistical  report  for  the  calendar  year  1887  was  in  course  of 
preparation.  The  following  is  a  summary  of  the  metallic  and  non- 
metallic  mineral  products,  showing  an  aggregate  value  of  $542,331,796 
for  the  year.  This  is  the  largest  total  ever  reached  by  the  mineral 
industries  of  any  country.  It  is  nearly  seventy-seven  million  dol¬ 
lars  more  than  the  product  of  the  United  States  in  1886,  and  con¬ 
siderably  more  than  one  hundred  million  dollars  in  excess  of  the 
year  1885.  Of  many  items  which  have  contributed  to  this  result  it 
will  be  noted  that  all  the  metals  increased  in  quantity  except  gold 
and  the  minor  metal,  nickel,  and  nearly  all  increased  in  price.  The 
significance  of  this  is  seen  in  the  increased  production  of  the  fuels 
necessary  for  reducing  these  metals  and  preparing  them  for  use. 
All  of  these  fuels,  including  natural  gas,  show  a  marked  gain.  The 
increased  value  of  building  stone  is  principally  due  to  a  more  care¬ 
ful  canvass  of  this  industry  than  has  been  possible  in  previous  years. 

Iron.— The  principal  statistics  for  1887  were:  Domestic  iron  ore 
consumed,  about  11,300,000  long  tons;  value  at  mines,  $33,900,000, 
an  increase  over  1886  of  1,300,000  tons  in  quantity  and  $5,900,000 
in  value.  Imported  iron  ore  consumed,  1,194,301  long  tons;  total 
iron  consumed  in  1887,  about  12,494,301  long  tons,  or  1,454,868  tons 
'  more  than  in  1886.  Pig  iron  made,  6,417,148  long  tons;  value  at  fur¬ 
nace,  $121,925,800.  This  is  an  increase  over  1886  of  733,819  tons  in 
quantity  and  $26,730,040  in  value.  Steel  of  all  kinds  produced, 
3,339,071  long  tons,  an  increase  of  776,569  tons  over  1886;  value  at 
works,  $103,811,000.  Total  spot  value  of  all  iron  and  steel  in  the 
first  stage  of  manufacture,  excluding  all  duplications,  $171,103,000, 
an  increase  of  $28,603,000  as  compared  with  1886.  Limestone  used  as 
flux  in  the  manufacture  of  pig  iron  in  1887,  about  5,377,000  long 
tons;  value  at  quarry,  about  $3,226,200. 
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Gold  and  Silver— The  total  value  of  gold  produced  in  1887  was 
$33,100,000,  a  decrease  of  $1,900,000  from  1886.  Silver  increased 
from  $51,000,000  in  1886  to  $53,441,300  (coining  value)  in  1887. 

Copper.—' Total  production  185,227,331  pounds,  of  which  3,750,000 
pounds  were  made  from  imported  pyrites.  The  total  value  was 
$21,115,916,  at  an  average  of  11.4  cents  per  pound.  The  estimated 
total  consumption  of  copper  in  the  United  States  increased  by  about 
14  per  cent. 

Lead. — The  production  of  lead  was  160,700  short  tons,  valued  at 
$14,463,000,  at  $90  per  short  ton.  The  heavy  increase  of  “  desilverized  ” 
lead  from  114,829  short  tons  in  1886  to  135,552  in  1887,  was  probably 
due  to  the  importation  of  Mexican  lead-silver  ores.  The  large  prod¬ 
uct  of  non-argentiferous  lead,  25,148  short  tons,  is  due  chiefly  to  the 
development  of  the  Saint  Joe  district  in  southeastern  Missouri. 
The  production  of  white  lead  and  the  several  oxides  from  pig  lead 
increased  to  a  total  of  about  75,000  short  tons. 

Zinc. — The  producers’  returns  show  an  increase  from  42,641  short 
tons  in  1886  to  50,340  in  1887.  The  price  increased  to  4f  cents  per 
pound,  making  the  total  value  in  1887,  $4,782,300.  The  production 
of  zinc  oxide  was  practically  steady  at  18,000  short  tons,  valued  at 
$1,440,000. 

Quicksilver. — Production  and  value  increased  from  29,981  flasks, 
valued  at  $1,060,000,  to  33,825  flasks,  valued  at  $1,429,000.  Except 
65  flasks  from  Oregon,  the  total  supply  came  from  California.  The 
price  in  1887  varied  from  $36.50  to  $48  per  flask  in  San  Francisco. 

Nickel. — The  supply  includes  183,115  pounds  of  metallic  nickel, 
valued  at  $117,200,  10,846  pounds  of  metallic  nickel  contained  in 
matte,  and  11,595  pounds  contained  in  nickel  ammonium  sulphate. 
Total  value,  $133,200. 

Cobalt  oxide. — The  product  includes  5,769  pounds  of  cobalt  oxide 
for  potters’  use,  and  12,571  pounds  of  oxide  in  matte  exported  to  Eu¬ 
rope.  Total  value  $18,774. 

Chromium. — Shipments  from  California  increased  to  3,000  long 
tons  on  account  of  better  freight  facilities  by  rail  to  the  eastern  States. 
The  total  value  in  San  Francisco  was  $40,000. 

Manganese. — The  total  production  of  manganese  ore  in  the  year 
ending  December  31,  1887,  was  34,524  tons,  valued  at  $333,844.  The 
production  of  manganiferous  iron  ore  was  211,751  tons,  valued  at 
about  $600,000.  The  production  of  argentiferous  manganese  ores 
was  60,000  tons,  valued,  chiefly  for  the  silver,  at  about  $600,000. 

Antimony. — The  production,  all  in  California,  was  75  tons,  valued 
at  $15,500.  This  is  an  increase  from  35  tons  in  1886,  valued  at 
$7,000. 

Aluminum. — The  production  of  aluminum  bronze  containing  10 
per  cent,  aluminum  increased  to  144,764  pounds  in  1887,  valued  at 
$57,905.  Other  alloys,  principally  of  iron  and  aluminum,  amounted 
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to  42,617  pounds,  worth.  $17,000.  Pure  aluminum  contained  in  these 
alloys  was  18,000  pounds,  valued  at  $59,000. 

Platinum. — Considerable  search  by  dealers  produced  448  ounces 
of  crude  platinum,  valued  at  $1,838.  Part  of  this  came  from  British 
Columbia. 

FUELS. 

Coal. — The  total  production  of  all  kinds  of  commercial  coal  in 
1887  was  124,015,255  short  tons  (increase  over  1886,  16,283,046  tons), 
valued  at  the  mines  at  $173,530,996  (increase,  $26,333,046).  This 
may  be  divided  into  Pennsylvania  anthracite,  39,506,255  short  tons 
(increase,  2,809,780  short  tons),  or  35,273,442  long  tons  (increase, 
2,508,732  long  tons),  valued  at  $79,365,244  (increase,  $7,807,118);  all 
other  coals,  including  bituminous,  brown  coal,  lignite,  small  lots  of 
anthracite  produced  in  Colorado  and  Arkansas,  and  6,000  tons  of 
graphitic  coal  mined  in  Rhode  Island,  amounting  in  the  aggregate  to 
84,509,000  short  tons  (increase,  13,523,266  tons),  valued  at  $98,004,656 
(increase,  $19,523,600). 

The  colliery  consumption  at  the  individual  mines  varies  from  noth¬ 
ing  to  8  per  cent,  of  the  total  output  of  the  mines,  being  greatest  at 
special  Pennsylvania  anthracite  mines  and  lowest  at  those  bituminous 
mines  where  the  coal  bed  lies  nearly  horizontal  and  where  no  steam 
power  or  ventilating  furnaces  are  used.  The  averages  for  the  differ¬ 
ent  States  vary  from  2ro  to  6y  per  cent.,  the  minimum  average  being 
in  the  Pennsylvania  bituminous  and  the  maximum  average  being  in 
the  Pennsylvania  anthracite  region. 

•The  total  output  of  the  mines,  including  colliery  consumption,  was, 
Pennsylvania  anthracite,  37,578,747  long  tons  (increase  over  1886,. 
2,725,670  long  tons),  or  42,088,197  short  tons  (increase,  3,052,751  short 
.  tons);  all  other  coals,  87,887,360  short  tons  (increase,  14,179,403  tons), 
making  the  total  output  of  all  coals  from  mines  in  the  United  States, 
exclusive  of  slack  coal  thrown  on  the  dumps,  129,975,557  short  tons- 
(increase,  17,232,154  tons),  valued  as  follows:  Anthracite,  $84,552,181 
(increase,  $8,433,061);  bituminous,  $98,004,656  (increase,  $19,523,600)* 
total  value,  $182,556,837  (increase,  $27,956,661).  The  above  figures 
show  a  notable  increase  in  1887  over  1886  in  the  aggregate  output  and 
value  of  both  anthracite  and  bituminous  coal. 

Coke. — The  total  production  of  coke  in  the  United  States  for  the 
year  ending  December  31,  1887,  was  7,857,487  short  tons,  valued  at 
$15,723,574.  This  is  the  greatest  product  ever  reached  in  the  United 
States,  being  1,022,419  tons  greater  than  in  1886. 

Petroleum. — Total  production  28,249,597  barrels  of  42  gallons  each. 
The  total  value  at  an  average  of  66f  cents  was  $18,856,606.  The  in¬ 
crease  over  1886  was  very  slight,  only  139,482  barrels.  There  was 
a  decrease  of  4-j  cents  per  barrel  in  the  average  price. 
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Natural  gas.— The  production  of  natural  gas  in  the  United  States 
in  1887  was  equivalent  to  9,867,000  short  tons  of  coal  displaced. 
This,  at  an  average  value  of  $1.50  a  ton,  would  make  the  value 
of  the  coal  displaced  by  natural  gas  (which  is  the  measure  of  the 
value  of  the  gas)  $15,838,500.  In  1886  the  corresponding  quantity 
was  6,353,000  tons,  worth  $9,847,150. 

STRUCTURAL  MATERIALS. 

Building  stone. — Direct  returns  from  producers  show  a  total  value 
of  $25,000,000.  The  marked  increase,  $6,000,000,  shows  that  the 
statement  for  1886  was  too  small. 

Brick  and  tile.— Value  $47,000,000.  This  represents  an  increase  of 
about  13  per  cent,  in  the  production  of  brick  and  a  decrease  in  tile, 
owing  to  the  drought  in  1887  in  Indiana  and  Ohio.  Prices  were  slightly 
lower. 

Lime. — The  production  is  estimated  at  46,750,000  barrels  with  an 
average  value  of  50  cents  per  barrel. 

Cement. — The  production  of  cement  from  natural  rock  was  6,692,744 
barrels,  valued  at  77|  cents  per  barrel,  making  $5,186,877  as  the  value 
of  the  year’s  product. 


ABRASIVE  MATERIALS. 

Buhr stones. — The  value  of  the  product  is  estimated  at  $200,000. 

Grindstones. — In  Ohio  and  Michigan  27,400  tons  were  produced,, 
valued  at  $224,400. 

Corundum. — Total  production  from  North  Carolina  and  Georgia 
600  short  tons  with  a  spot  value  of  $108,000. 

Novaculite. — Production  1,200,000  pounds,  valued  in  the  rough 
state  at  $16,000. 

Infusorial  earth. — Maryland  produced  3,000  tons,  worth  $15,000. 
A  small  quantity  was  produced  in  Nevada  and  New  Mexico. 

MISCELLANEOUS. 

Precious  stones. — The  value  of  American  gems  in  the  rough  state 
amounted  to  $88,600,  besides  gold  quartz  for  specimens  and  gems, 
valued  at  $75,000. 

Phosphate  rock. — South  Carolina  phosphate  rock  aggregated 
480,558  long  tons,  valued  at  $1,836,818,  an  increase  of  50,009  tons  in 
quantity,  but  a  decrease  of  $36,118  in  the  value,  due  to  greater  com¬ 
petition  which  reduced  the  price  to  $3.75  a  ton  for  land  and  $4  for 
river  rock. 

Marls. — In  New  Jersey  the  production  is  estimated  at  600,000  tons 
worth  about  $300,000.  While  the  New  Jersey  marl'is  yielding  slowly 
to  commercial  fertilizers,  the  Virginia  marls,  as  well  as  those  in 
North  and  South  Carolina,  Georgia,  Mississippi,  and  Florida,  are 
finding  increased  local  use. 
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Salt.  — Production  in  1887,  8,003,962  barrels  (of  280  pounds),  value 
$4,093,846.  The  annual  production  lias  increased  each  year  since 
1883,  but  the  total  value  has  declined,  being  less  in  1887  than  in  1884, 
although  only  6,514,937  barrels  were  made  in  the  latter  year. 

Bromine. — Stocks  accumulated  in  1886  and  reduced  the  output  of 
1887  to  199,087  pounds,  valued  at  $61,717.  The  price  was  held  at  31 
cents  per  pound. 

Borax. — Production,  11,000,000  pounds,  all  from  California  and 
Nevada.  Total  value,  $550,000,  at  5  cents  per  pound  for  the  average 
grade.  The  price  was  rising  at  the  close  of  1887. 

Sulphur. — Production,  about  3,000  tons  from  Utah,  worth  $100,000. 
Litigation  checked  the  use  of  an  increased  plant.  The  imports  of 
Sicilian  sulphur,  with  small  shipments  from  Japan,  were  96,882  long 
tons,  valued  at  $1,688,360. 

Pyrites. — Production,  52,500  long  tons,  valued  at  $210,000  at  $4  per 
ton  at  the  mines. 

Barytes. — The  production  increased  to  15,000  long  tons  of  crude 
barytes,  valued  at  $75,000  at  the  mines. 

Gypsum. — The  condition  of  the  industry  is  practically  unchanged. 
The  estimated  total  product  was  95,000  short  tons  of  crude  gypsum, 
valued  at  $425,000.  In  addition,  162,154  long  tons  of  crude  gypsum 
were  imported,  chiefly  from  Nova  Scotia. 

Mica. — The  production  increased  to  70,500  pounds,  valued  at 
$142,250.  The  increase  was  chiefly  in  North  Carolina.  New  Hamp¬ 
shire,  Massachusetts,  and  Virginia  also  produced  mica.  No  ship¬ 
ments  were  reported  from  the  Black  Hills  or  New  Mexico.  The  use 
of  mica  waste  is  increasing;  2,000  tons,  worth  $15,000,  were  ground 
in  1887. 

Feldspar. — The  amount  consumed,  principally  by  potters,  was 
10,200  long  tons,  valued  at  $56,100  before  grinding.  This  includes 
freight  to  the  principal  markets,  Trenton  or  New  York.  The  con¬ 
sumption  in  1886  was  about  5,000  tons  less  than  the  production 
returned  by  quarrymen. 

Flint. — For  pottery  19,800  tons  were  used.  Including  the  use  for 
sandpaper  and  in  glass  manufacture,  the  total  consumption  was 
about  32,000  tons,  worth,  unground,  $185,000. 

Potter's  clay. — The  consumption  of  kaolin  and  ball  clay  by  potters 
aggregated  28,000  tons,  valued  at  $290,000.  In  addition,  the  potters 
used  15,000  tons  of  fire-clay,  worth  $50,000. 

Asbestus. — The  total  product  hardly  exceeded  150  tons,  worth 
$4,500.  In  addition,  several  hundred  tons  of  fibrous  aetinolite  were 
used  for  weighting  paper. 

Mineral  paints. — Including  ocher, "metallic  paints,  and  small  quan¬ 
tities  of  umber  and  sienna,  the  production  amounted  to  20,000  long 
tons,  selling  for  $310,000  at  the  mines. 
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Graphite— The  production  at  Ticonderoga  is  reported  as  un¬ 
changed.  Small  lots,  ranging  from  graphitic  clay  to  pure  graphite, 
were  produced  in  North  Carolina.  Total  production,  416,000  pounds, 
worth  $34,000.  This  does  not  include  500  tons  of  impure  graphite 
mined  in  Rhode  Island  for  foundry  facings,  etc. 

Fluorspar.  — The  production  remained  constant  at  5,000  tons  in 
Indiana.  The  total  value  was  $20,000. 

Mineral  waters. — The  production  which  was  sold  amounted  to 

8,259,609  gallons,  worth  $1,261,473. 

% 

Metallic  products  of  the  United  States  in  1887. 


Quantity. 

Value. 

Pig  iron,  spot  value . 

6, 417, 148 

$121 , 925, 800 

Silver,  coining  value . 

41,269,240 

53,441,300 

Gold,  coining  value . 

1,596,500 

33, 100, 000 

Copper,  value  at  New  York  City . 

. pounds . . 

185,227,331 

21,115,916 

Lead,  value  at  New  York  City . 

160, 700 

14,463,000 

Zinc,  value  at  New  York  City . 

50, 340 

4,782,300 

Quicksilver,  value  at  San  Francisco . 

. flasks . . 

33,825 

1,429,000 

Nickel,  value  at  Philadelphia . 

205, 556 

133, 200 

Aluminum  contained  in  alloys  .  . 

18,000 

59,000 

Antimony,  value  at  San  Francisco . 

75 

15,500 

Platinum,  value  (crude)  at  New  York  City . 

. troy  ounces. . 

448 

1,838 

Total . 

250, 466, 854 

Non-metallic  mineral  products  of  the  United  States  in  1887  ( spot  values). 


Bituminous  coal . 

Pennsylvania  anthracite . 

Building  stone . 

Lime . 

Petroleum . 

Natural  gas . . 

Cement . 

Salt . 

Limestone  for  iron  flux . 

South  C  'rolina  phosphate  rock 

Zinc-white . 

Mineral  waters . 

Borax  . 

Gypsum . 

Manganese  ore . 

Mineral  paint . 

New  Jersey  marls . 

Pyrites . 

Flint . 

Mica . 

Corundum . 

Sulphur . 


long  tons . 
. do. . . 


barrels . 
. . .do. . . 


. barrels. 

. do. . . 

. .  .long  tons. 

. do. . . 

.  short  tons . 
gallons  sold . 

. pounds . 

. .  short  tons . 
. .  .long  tons. 

. do. . . 

. .  short  tons . 
. . .  long  tons . 

. do . . . 

. pounds . 

. .  short  tons . 
. do. . . 


Quantity. 


78, 470, 857 
37,578,747 


46, 750, 000 
28, 249, 597 


6,692,744 
8,003  962 
5, 377, 000 
480,  558 
18,  000 
8, 259, 6C9 
11,000,000 
95,000 
34, 524 
20,000 
600,000 

52.500 
32,000 

70. 500 
600 

3,000 


Value. 


$98,004,656 
84, 552, 181 
25, 000, 000 
23, 375, 000 
18, 856, 606 
15, 838, 500 
5, 186, 877 
4,093,846 
3,226,200 
1,836,818 
1,440,000 
1,261,473 
550,000 
425, 000 
333,844 
310, 000 
300,000 
210,000 
185,000 
142, 250 
108,000 
100,000 
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Non-metallic  mineral  products  of  the  United  Sta  tes  in  1887  ( spot  values ) — Continued. 


Precious  stones . 

Crude  barytes . 

Gold-quartz  souvenirs,  jewelry,  etc 

Bromine . 

Feldspar  . 

Chrome  iron  ore . 

Graphite . 

Fluorspar . 

Slate  ground  as  pigment . 

Cobalt  oxide . 

Novaculite . 

Asphaltum . 

Asbestus . 

Rutile . 

Total . 


. . . . pounds 
.long  tons 

. do . . 

. . . pounds 
short  tons 
.  long  tons 
. . . . pounds 

. do. . 

short  tons 

. . do. . 

. . .  .pounds 


199,087 

10,200 

3,000 

416,000 

5,000 

2,000 

18,340 

1,200,000 

4,000 

150 

1,000 


Value. 


$88, 600 
75,000 
75,000 
61,717 
56,100 
40, 000 
34,000 
20,000 
20,000 
18,774 
16,000 
16,000 
4,500 
3,000 

285, 864, 942 


.  long  tons 


Quantity. 


15,000 


Resume  of  the  values  of  the  metallic  and  non-metallic  mineral  substances  produced 

in  the  United  States  in  1887. 


Metals .  $250,466,854 

Mineral  substances  named  in  the  foregoing  table .  285, 864, 942 

536,381,796 

Estimated  value  of  mineral  products  unspecified .  6,  000,  000 

Grand  total . . .  542, 331,  796 


During  the  year  considerable  time  has  been  devoted  to  informa¬ 
tion  regarding  the  occurrence  and  utilization  of  the  mineral  products, 
in  reply  to  numerous  inquiries. 

In  conducting  the  work  of  the  division  Mr.  William  A.  Rgborg 
and  Mr.  Jefferson  Middleton,  and  latterly  Dr.  C.  W.  Hayes,  who 
constituted  the  office  staff,  deserve  especial  mention  for  the  valuable 
aid  they  have  rendered. 

Very  respectfully,  your  obedient  servant, 

David  T.  Day, 

Geologist  in  Charge . 

Maj.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 
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REPORT  OF  PROF.  F.  W.  CLARKE. 

Division  of  Chemistry  and  Physics, 

Washington ,  D.  C.,  July  1,  1888. 

Sir:  I  have  the  honor  to  submit  herewith  a  report  of  the  work 
done  in  the  Division  of  Chemistry  and  Physics  during  the  fiscal 
year  ending  June  30,  1888. 

The  personnel  of  the  division,  which  on  the  first  of  last  July  con¬ 
sisted  of  Dr.  Hillebrand,  Dr.  Chatard,  Dr.  Riggs,  Mr.  Whitfield,  and 
myself,  in  the  chemical  laboratory,  and  Drs.  Barus  and  Hallock  in 
the  physical  laboratory,  has  undergone  some  changes  during  the 
year.  The  division  has  suffered  by  the  resignation  of  Dr.  Robert 
B.  Riggs,  who  was  called  to  the  chair  of  chemistry  at  Trinity  Col¬ 
lege,  Hartford,  Conn.  •  Prior  to  his  resignation,  which  took  place 
last  September,  he  prepared  for  publication  the  results  of  his  inves¬ 
tigation  on  the  chemical  composition  of  tourmaline,  which  was 
commenced  in  the  winter  of  188o-’86,  and  which  was  carried  on  in 
connection  with  his  daily  routine  work.  His  paper  represents  prob¬ 
ably  the  most  thorough  investigation  of  this  difficult  problem  extant, 
and  is  a  valuable  addition  to  the  literature  of  chemical  mineralogy. 

About  the  first  of  February,  when  the  branch  office  of  the  Survey 
at  Denver  was  abolished,  Mr.  L.  G.  Eakins,  of  that  division,  was 
transferred  to  this  laboratory,  and  has  since  been  engaged  in  various 
investigations  of  scientific  interest;  notably  the  analysis  and  study  of 
a  clay,  “  xanthitane,”  which  contains  titanium  in  the  place  of  silica. 

Last  August  Mr.  Charles  Catlett,  of  the  office  force,  was  detailed  to 
this  division,  to  act  as  a  laboratory  assistant  and  to  do  such  clerical 
work  as  the  division  calls  for.  He  has  since  that  time  been  engaged 
in  making  chemical  analyses  of  various  kinds  and  of  more  or  less 
interest,  and  has  handled  all  the  assays  for  gold  and  silver. 

Dr.  George  Latimer  was  temporarily  detailed  to  this  office  in  Feb¬ 
ruary;  since  which  time  he  has  been  employed  on  the  mineral  col¬ 
lection. 

The  force  in  this  division  consists  at  present  of  six  chemists,  two 
physicists,  one  clerk,  and  two  laborers. 

The  chemical  work  of  the  year  has  necessarily  been  of  a  very 
varied  nature,  and  has  largely  been  expended  on  material  furnished 
by  the  field  geologists,  but  some  interesting  original  researches  have 
been  brought  to  a  successful  termination.  While  of  course  the  num¬ 
ber  of  analyses  is  not  a  fair  criterion  of  the  amount  of  work 
accomplished,  it  may  be  well  to  notice  that  the  total  number  of  assays 
and  analyses  reported  for  the  past  fiscal  year  was  426,  against  335 
for  the  year  ending  June  30,  1887.  Quite  a  number  of  analyses  have 
from  time  to  time  been  made  as  an  accommodation  to  the  other  bu- 
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reaus  of  the  Government;  for  instance,  the  Government  Printing 
Office,  the  Bureau  of  Engraving  and  Printing,  the  Supervising 
Architect,  etc.,  and  hardly  a  day  passes  that  minerals  for  identifica¬ 
tion  do  not  reach  us  through  one  channel  or  another. 

During  the  year  my  personal  laboratory  work  has  been  necessarily 
somewhat  hampered  by  administrative  duties,  and  I  was  absent  a  por¬ 
tion  of  last  summer  in  England.  An  interesting  series  of  analyses, 
undertaken  with  a  view  to  ascertaining  the  genesis  of  the  nickel 
silicates  of  Oregon,  was  completed  recently.  These  ores  have  essen¬ 
tially  the  same  characteristics  as  those  from  New  Caledonia  and 
North  Carolina,  and  my  investigation  was  a  complete  confirmation 
of  the  idea  that  the  nickel  of  the  greater  silicate  deposits  is  derived 
from  the  alteration  of  nickeliferous  olivine.  I  was  greatly  assisted 
in  my  researches  in  this  direction  by  the  microscopic  examination 
made  for  me  by  Mr.  Diller.  I  have  also,  in  connection  with  Mr.  G. 
P.  Merrill,  of  the  National  Museum,  investigated  the  chemical  nat¬ 
ure  of  jaedeite  and  nephrite,  of  which  the  National  Museum  collec¬ 
tion  furnished  abundant  material  for  analysis  and  microscopic  study. 
Our  analyses  cover  specimens  from  Alaska,  Mexico,  Costa  Rica, 
New  Zealand,  and  the  Swiss  lake  dwellings,  and  by  this  extended 
comparison  enable  the  character  and  composition  of  the  minerals 
to  be  very  thoroughly  understood. 

Dr.  Hillebrand  has  brought  to  a  successful  completion  the  study 
of  certain  rare  copper  minerals  from  Utah,  most  of  which  were  new 
to  this  country,  and  one  (mixite)  had  previously  been  known  in  but 
one  other  locality  in  the  world.  Dr.  Hillebrand  finished  last  fall  the 
analysis  of  an  extensive  series  of  the  volcanic  eruptive  rocks  from 
Lassen  Peak,  furnished  by  Mr.  J.  S.  Diller,  and  he  is  now  continu¬ 
ing  an  investigation  on  the  uraninites  of  North  America,  which  was 
begun  some  time  since.  Like  all  of  the  chemists,  his  time  has  been 
largely  consumed  in  the  analysis  of  miscellaneous  material  furnished 
by  the  various  geologists  through  the  central  office. 

The  rapid  increase  in  the  meteorite  collection  of  the  Museum  in 
the  last  few  years,  and  the  kindness  of  various  owners  of  other  me¬ 
teorites,  has  placed  a  large  amount  of  this  interesting  material  at  our 
disposal  for  analysis  and  study,  and  a  number  of  specimens  have 
been  examined  during  the  past  twelve  months.  Some  of  these  analy¬ 
ses  are  very  elaborate  and  exhaustive,  and  the  results  obtained  are 
exceedingly  valuable  additions  to  the  literature  of  the  subject.  Mr. 
Whitfield’s  familiarity  with  work  of  this  character  has  enabled  him 
to  handle  successfully  a  number  of  specimens  of  this  class,  represent¬ 
ing  at  least  six  new  and  undescribed  falls.  He  has  also  analyzed  a 
large  series  of  rocks,  waters,  sediments,  etc.,  from  the  Yellowstone 
National  Park,  furnished  by  Mr.  Hague. 

The  work  commenced  by  Dr.  Chatard  about  two  years  ago,  on  the 
natural  alkali  deposits  of  the  West,  is  being  pushed  toward  comple- 
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tion,  and  tends  to  throw  much  light  upon  the  rather  complicated 
problem  of  their  origin.  During  three  months  of  last  summer  he 
was  in  the  field,  mostly  at  Owen’s  Lake,  examining  the  economic 
working  of  the  deposits  and  collecting  material  for  analysis  and  study, 
and  this  has  occupied  his  attention  during  the  past  winter. 

In  the  physical  laboratory  much  valuable  work  has  been  finished 
and  the  results  submitted  for  publication. 

Dr.  Barus  has  prepared  an  extensive  memoir  on  the  subject  of  the 
measurement  of  high  temperatures,  and  since  the  completion  of  this 
he  has  been  investigating  a  new  development  or  extension  of  air 
thermometry.  His  paper  on  the  latter  subject  is  at  present  being 
prepared  for  the  press. 

The  larger  portion  of  Dr.  Hallock’s  time  has  been  consumed  m  the 
preparatory  work  on  coefficients  of  expansion,  and  unfortunately 
much  time  has  been  unavoidably  occupied  in  the  mechanical  prep¬ 
aration  of  apparatus  and  fixtures.  He  has  prepared  during  the 
year  a  paper  on  the  flow  of  solids,  which  is  very  interesting  from  a 
geological  stand-point,  and  has  made  some  startling  discoveries  in 
regard  to  the  formation  of  fusible  alloys  at  low  temperatures.  His 
results,  briefly  generalized,  may  be  stated  thus:  All  fusible  alloys 
may  be  formed  from  their  solid  components  at  temperatures  slightly, 
if  any,  in  excess  of  the  melting-point  of  the  product.  Thus  Wood’s 
alloy,  fusing  at  66°  C.,  is  formed  from  its  constituents  at  tempera¬ 
tures  below  100°;  although  no  one  of  the  metals  entering  into  it  fuses 
below  230°  separately. 

Very  respectfully,  yours, 

F.  W.  Clarke, 

Ch  ief  Chemist. 

Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey,  Washington,  D.  C. 


REPORT  OF  MR.  W.  H.  HOLMES. 

Division  of  Illustrations, 
Washington,  D.  C.,  July  1,  1888. 

Sir:  During  the  last  year  the  work  of  this  division  has  increased 
to  a  very  considerable  extent,  but  has  been  carried  on  without  im¬ 
portant  change  in  character  of  subject-matter  or  in  methods  of  proce¬ 
dure.  Slight  changes  have  been  made  in  the  personnel  of  the  force. 
One  draughtsman,  Mr.  H.  H.  Birney,  has  resigned,  and  two  draughts¬ 
men,  Mr.  H.  M.  Reeve  and  Mr.  H.  H.  Nichols,  have  been  added. 

During  my  somewhat  prolonged  absence  from  the  office  occa¬ 
sioned  by  field  work  in  the  fall,  and  illness  in  the  spring,  the  work 
of  the  division  was  ably  conducted  by  Mr.  De  Lancey  W.  Gill.  Mr. 
John  L.  Ridgway  has  had  personal  supervision  of  a  large  part  of 
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the  paleontologic  drawing,  and  has  done  excellent  service  in  ele¬ 
vating  the  standard  of  pen  drawing. 

Two  annual  reports,  one  monograph,  and  nine  bulletins  have  been 
transmitted  through  this  office.  The  illustrations  for  these  may  be 
classed  as  follows:  . 


Twenty-four  plates  by  chromo  -  lithog¬ 
raphy. 

Six  plates  by  lithography. 

Fifty-nine  plates  by  wood-engraving. 
Ninety-four  plates  by  photo-engraving. 


Twenty  plates  by  photo-lithography. 
One  plate  by  engraving  on  stone. 

Sixty  figures  by  wood-engraving. 

One  hundred  and  eighty-one  figures  by 
photo-engraving. 


This  statement  does  not  include  maps  and  charts  prepared  in  other 
divisions  of  the  Survey. 

The  following  list  shows  approximately  the  number  and  character 
■of  the  drawings  executed  since  June  30, 1887: 


Fossil  mollusca,  452  figure  '. 

Fossil  vertebrates,  30  plates  and  150  fig¬ 
ures. 

Fossil  insects,  115  figures. 

Fossil  plants,  225  figures. 

Mineralogic  specimens,  24  figures  and 
plates. 


1  Microscopic  sections,  25  figures. 

Geologic  landscapes,  50  figures  and 
plates. 

Sections  and  diagrams,  405  figures  and 
plates. 


I  include  in  this  statement  drawings  made  by  a  number  of  geolo¬ 
gists  and  their  assistants  whose  work  is  not  directly  supervised  by 
me. 

The  photographic  work,  in  charge  of  Mr.  J.  K.  Hillers,  has  been 
carried  on  without  important  change.  Two  parties  were  sent  into 
the  field.  One  of  these,  conducted  by  Mr.  C.  C.  Jones,  secured 
thirty  11  by  14  inch  negatives,  and  the  other  conducted  by  Mr.  F.  T. 
Smart,  secured  one  hundred  5  by  8  negatives.  The  following  is  a 
list  of  the  negatives,  prints,  and  transparencies  made  during  the 
year :  *  ' 


Negatives. 

Prints. 

Transparencies. 

Size  (in  inches). 

Number. 

Size  (in  inches). 

Number. 

Size  (in  inches). 

Number. 

28  by  34 

191 

28  by  34 

664 

28  by  34 

65 

20  by  24 

271 

20  by  24 

1,962 

20  by  24 

15 

14  by  17 

17 

14  by  17 

33 

11  by  14 

117 

11  by  14 

1,264 

8  by  10 

789 

8  by  10 

1,296 

5  by  8 

119 

5  by  8 

379 

Very  respectfully,  your  obedient  servant, 

W.  H.  Holmes, 

Geologist  in  Charge. 

Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey,  Washington,  D.  C. 
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REPORT  OF  MR.  C.  C.  DARWIN. 

Division  of  Library  and  Documents, 

Washington,  D.  C.,  July  1,  1888. 

Sir  :  •  I  have  the  honor  to  submit  the  following  statement  of  work 
done  in  this  division  during  the  fiscal  year  ended  June  30,  1888: 

LIBRARY. 

A  new  rack,  27.10  by  9.6  feet,  has  been  built  during  the  year,  pro¬ 
viding  415  additional  feet  of  shelf  room,  and  this  has  been  gained 
with  but  little  sacrifice  of  floor  space  by  such  an  arrangement  of  three 
racks  as  makes  them  occupy  laterally  not  much  more  space  than  was 
before  occupied  by  two.  This  added  shelf  room  has  permitted  the 
proper  shelving  of  books  already  in  the  library,  but  leaves  us,  at  the 
commencement  of  the  coming  year,  to  face  the  great  difficulty  of 
properly  administering  a  growing  and  continually  consulted  library 
within  a  limit  that  can  be  further  crowded  only  at  the  expense  of 
usefulness. 

Contents  of  the  library,  June  30,  1888. 

BOOKS. 


On  hand  June  30,  1887: 

Received  by  exchange .  . .  14, 691 

Received  by  purchase . 4,810 

-  19,501 

Received  during  the  past  year: 

By  exchange .  1,719 

By  purchase .  243 

-  1,962 

- -  21,463 


PAMPHLETS. 


On  hand  June  30,  1887 : 

Received  by  exchange  .  24,  650 

Received  by  purchase .  1 , 450 

-  26, 100 

Received  during  the  past  year: 

By  exchange .  3, 800 

By  purchase . 200 

-  4,000 

-  30, 100 


Total  number  of  books  and  pamphlets .  51,563 

As  in  the  past,  the  actual  every-day  demands  of  library  routine 
have  prevented  more  than  an  author-indexing  and  arrangement  of 
the  books  and  pamphlets  received. 

The  same  high  average  of  current  circulation  as  of  previous  years 
holds  good  for  this  year.  Over  one  thousand  books  have  been  issued 
and  returned  every  month.  Two  thousand  and  six  volumes  have 
been  bound  during  the  year. 

9  geol - 10 
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Bibliography. — The  Catalogue  of  the  Literature  of  North  Ameri¬ 
can  Geology  progresses  with  as  much  rapidity  as  is  consistent  with 
accuracy  and  the  constant  interruption  it  suffers  from  the  routine 
work  of  the  library. 

Over  twenty  thousand  titles,  however,  have  been  collected,  and,  as 
far  as  possible,  the  time  of  one  clerk  is  given  to  perfecting  and  veri¬ 
fying  these. 

By  separating  from  this  mass  those  titles  which  relate  to  official 
research,  it  will  be  possible  to  publish  at  an  early  date  a  bibliog¬ 
raphy  of  the  literature  of  official  geological  exploration  in  North 
America. 

This  of  itself  would  make  a  voluminous  catalogue  and  be  of  some 
service  until  the  general  work  were  ready.  Three  thousand  titles 
are  already  complete  from  a  bibliographer’s  stand-point.  The  re¬ 
maining  titles  are  in  hand,  and  this  section  of  the  work  will  be  fin¬ 
ished  as  rapidly  as  circumstances  permit. 

PUBLICATIONS. 

Monograph  XII,  Bulletins  40,  41,  42,  and  44,  and  the  fourth  vol¬ 
ume  of  Mineral  Resources  have  been  published  during  the  year. 
The  list  of  publications  of  the  Survey,  corrected  to  June  30,  1888,  is 
as  follows: 

Annual  reports. 

I.  First  Annual  Report  of  the  U.  S.  Geological  Survey,  by  Clarence  King. 
1880.  8°.  79  pp.  1  map. — A  preliminary  report  describing  plan  of  organization 
and  publications. 

II.  Second  Annual  Report  of  the  U.  S.  Geological  Survey,  1880-’81,  by  J.  W. 
Powell.  1882.  8°.  lv,  588  pp.  61  pi.  and  1  map. 

III.  Third  Annual  Report  of  the  U.  S.  Geological  Survey,  1881— ’82,  by  J.  TV. 
Powell.  1888.  8°.  xviii,  564  pp.  67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  U.  S.  Geological  Survey,  1882-’83,  by  J.  W. 

Powell.  1884.  8°.  xxxii,  478  pp.  85  pi.  and  maps. 

V.  Fifth  Annual  Report  of  the  U.  S.  Geological  Survey,  1883-’84,  by  J.  W.  Powell. 

1885.  8°.  xxxvi,  469  pp.  58  pi.  and  maps. 

VI.  Sixth  Annual  Report  of  the  U.  S.  Geological  Survey,  1884-’85,  by  J.  W. 

Powell.  1885.  8°.  xxix,  570  pp.  65  pi.  and  maps. 

Monographs. 

II.  Tertiary  History  of  the  Grand  Canon  District,  with  atlas,  by  Clarence  E.  Dut¬ 
ton,  Capt.  U.  S.  A.  1882.  4°.  xiv,  264  pp.  42  pi.  and  atlas  of  24  sheets  folio. 
Price  $10.12. 

III.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  atlas,  by 
George  F.  Becker.  1882.  4°.  xv,  422  pp.  7  pi.  and  atlas  of  21  sheets  folio. 
Price  $11. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.  1888.  4°.  xiv,  451pp.  3  pi. 

Price  $1.50. 

V.  Copper-bearing  Rocks  of  Lake  Superior,  by  Roland  D.  Irving.  1883.  4\. 

xvi,  464  pp.  15  1.  29  pi.  Price  $1.25. 
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VI.  Contributions  to  the  Knowledge  of  the  Older  Mesozoic  Flora  of  Virginia,  by 
Wm.  M.  Fontaine.  1883.  4°.  xi,  144  pp.  54  1.  54  pi.  .  Price  $1.05. 

VII.  Silver-Lead  Deposits  of  Eureka,  Nevada,  by  Joseph  S.  Curtis.  1884.  4°. 
xiii,  200  pp.  16  pi.  Price  $1.20. 

VIII.  Paleontology  of  the  Eureka  District,  by  Charles  D.  Walcott.  1884.  4°. 
xiii,  298  pp.  241.  24  pi.  Price  $1.10. 

IX.  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand 
Marls  of  New  Jersey,  by  Robert  P.  Whitfield.  1885.  4°.  xx,  338  pp.  35  pi. 
Price  $1.15. 

X.  Dinocerata  :  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by 
Othniel  Charles  Marsh.  1835.  4°.  xviii,  243  pp.  56  1.  56  pi.  Price  $2.70. 

XI.  Geological  History  of  Lake  Lahontan,  a  Quaternary  Lake  of  Northwestern 
Nevada,  by  Israel  Cook  Russell.  1885.  4°.  xiv,  288  pp.  46  pi.  Price  $1.75. 

XII.  Geology  and  Mining  Industry  of  Leadville,  Colorado,  with  atlas,  by  S.F. 
Emmons.  1886.  4°.  xxix,  770  pp.  45  pi.  and  atlas  of  35  sheets  folio.  Price  $8.40. 

Bulletins. 

1.  On  Hypersthene-Andesite  and  on  Triclinic  Pyroxene  in  Augitic  Rocks,  by 
Whitman  Cross,  with  a  Geological  Sketch  of  Buffalo  Peaks,  Colorado,  by  S.  F. 
Emmons.  1883.  8*\  42  pp.  2  pi.  Price  10  cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of 

fine  metals,  etc.,  by  Albert  Williams,  jr.  1883.  8°.  8  pp.  Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian  along  the  Meridian  of  76°  30', 

from  Tompkins  County.  N.Y.,to  Bradford  County,  Pa.,  by  Henry  S.  Williams. 
1884.  8°.  36  pp.  Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.  1884.  8°.  36  pp.  9  pi.  Price 
5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett. 

1884.  8°.  325  pp.  Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.  1884.  8°.  43  pp. 

Price  5  cents. 

7.  Mapoteca  Geologica  Americana :  A  Catalogue  of  Geological  Maps  of  America 
(North  and  South),  1752-1881,  by  Jules  Marcou  and  John  Belknap  Marcou.  1884.  8° 
184  pp.  Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D. 
Irving  and  C.  R.  Van  Hise.  1885.  8°.  56  pp.  6  pi.  Price  10  cents. 

9.  Report  of  Work  Done  in  the  Washington  Laboratory  during  the  Fiscal  Year 

1883-84.  F.  W.  Clarke,  chief  chemist ;  T.M.  Chatard,  assistant.  1884.  8°.  40  pp. 

Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  Studies,  by  Charles 

D.  Walcott.  1884.  8°.  74  pp.  Price,  5  cents. 

11.  On  the  Quaternary  and  Recent  Mollusca  of  the  Great  Basin,  with  Descriptions 

of  New  Forms,  by  R.  Ellsworth  Call;  Introduced  by  a  Sketch  of  the  Quaternary 
Lakes  of  the  Great  Basin,  by  G.  K.  Gilbert.  1884.  8°.  66  pp.  6  pi.  Price  5  cents. 

12.  A  Crystallographic  Study  of  the  Thinolite  of  Lake  Lahontan,  by  Edward  S. 
Dana.  1884.  8°.  34  pp.  3  pi.  Price  5  cents. 

13.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  by 
Henry  Gannett.  1885.  8°.  135  pp.  Price  10  cents. 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barus 
and  Vincent  Strouhal.  1885.  8°.  238  pp.  Price  15  cents. 

15.  On  the  Mesozoic  and  Cenozoic  Paleontology  of  California,  by  Charles  A. 
White.  1885.  8°.  33  pp.*  Price  5  cents. 

16.  On  the  Higher  Devonian  Faunas  of  Ontario  County,  N.  Y.,  by  John  M. 
Clarke.  1885.  8°.  86  pp.  3  pi.  Price  5  cents. 
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17.  On.  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  Washoe, 
Nevada,  by  Arnold  Hague  and  Joseph  P.  Icldings.  1885.  8°.  44  pp.  Price  5  cents. 

18.  On  Marine  Eocene,  Fresh-Water  Miocene,  and  other  Fossil  Mollusca  of  West¬ 
ern  North  America,  by  Charles  A.  White.  1885.  8°.  26  pp.  3  pi.  Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  George  F.  Becker,  1885.  8°. 
28  pp.  Price  5  cents. 

20.  Contributions  to  the  Mineralogy  of  the  Rocky  Mountains,  by  Whitman  Cross 

and  W.  F.  Hillebrand.  1885.  8°.  114  pp.  1  pi.  Price  10  cents. 

21.  The  Lignites  of  the  Great  Sioux  Reservation,  by  Bailey  Willis.  1885.  8°. 
16  pp.  5  pi.  Price  5  cents. 

22.  On  New  Cretaceous  Fossils  from  California,  by  Charles  A.  White.  1882.  8°, 
25  pp.  5  pi.  Price  5  cents. 

23.  Observations  on  the  Junction  between  the  Eastern  Sandstone  and  the  Kewee¬ 
naw  Series  on  Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamber¬ 
lin.  1885.  8°.  124  pp.  17  pi.  Price  15  cents. 

24.  List  of  Marine  Mollusca,  comprising  the  Quaternary  Fossils  and  recent  forms 
from  American  Localities  between  Cape  Hatteras  and  Cape  Roque,  including  the 
Bermudas,  by  William  H.  Dali.  1885.  8°.  336  pp.  Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States, 
by  Phineas  Barnes.  1885.  8°.  85  pp.  Price  10  cents. 

26.  Copper  Smelting,  by  Henry  M.  Howe.  1885.  8°.  107  pp.  Price  10  cents. 

27.  Report  of  Work  Done  in  the  Division  of  Chemistry  and  Physics,  mainly  dur¬ 
ing  the  Fiscal  Year  1884-’85.  1886.  8°.  80  pp.  Price  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  neighbor¬ 
hood  of  Baltimore,  Md.,  by  George  H.  Williams.  1886.  8°.  78  pp.  4  pi.  Price 

10  cents. 

29.  On  the  Fresh- Water  Invertebrates  of  the  North  American  Jurassic,  by  Charles 

A.  White.  1886.  8°.  41pp.  4  pi.  Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America, 
by  Charles  D.  Walcott.  1886.  8°.  369  pp.  Price  25  cents. 

31.  A  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including 

Myriapods  and  Arachnids,  by  Samuel  H.  Scudder.  1886.  8°.  128  pp.  Price  15 

cents. 

32.  Mineral  Springs  of  the  United  States,  by  Albert  C.  Peale.  1886.  8°.  235  pp. 

Price  20  cents. 

33.  Notes  on  the  Geology  of  Northern  California,  by  Joseph  S.Diller.  1886.  8°. 
23  pp.  Price  5  cents. 

34.  On  the  Relation  of  the  Laramie  Molluscan  Fauna  to  that  of  the  succeeding 
Fresh-Water  Eocene  and  Other  Groups,  by  Charles  A.  White.  1886.  8°.  54  pp. 
5  pi.  Price  10  cents. 

35.  The  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent 
Strouhal.  1886.  8°.  62  pp.  Price  10  cents. 

36.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Barus.  1887.  8°.  58 
pp.  Price  10  cents. 

37.  Types  of  the  Laramie  Flora,  by  Lester  F.  Ward.  1887.  8°.  354  pp.  57  pi. 
Price  25  cents. 

38.  Peridotite  of  Elliott  County,  Kentucky,  by  Joseph  S.Diller.  1887.  8°.  31 
pp.  1  pi.  Price  5  cents. 

38.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  by  Warren  Up- 
ham.  1887.  8°.  84  pp.  1  pi.  Price  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by 

Bailey  Willis.  1887.  8°.  10  pp.  4  pi.  Price  5  cents.  „ 

41.  Fossil  Faunas  of  the  Upper  Devonian — the  Genesee  Section,  New  York,  by 

Henry  S.  Williams.  1887.  8°.  121pp.  4  pi.  Price  15  cents. 

42.  Report  of  Work  Done  in  the  Division  of  Chemistry  and  Physics,  mainly  dur- 
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mg  the  Fiscal  Year  1835-86.  F.  W.  Clarke,  chief  chemist.  1887.  8°.  152  pp. 
1  pi.  Price  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  H.  Darton.  1887. 
8°.  35  pp.  Price  5  cents. 

Statistical  papers. 


Mineral  Resources  of  the  United  States  [1882],  by  Albert  Williams,  jr.  1883.  8°. 
xvii,  813  pp.  Price  50  cents. 

Mineral  Resources  of  the  United  States,  1883  and  1884,  by  Albert  Williams,  jr. 
1885.  8°.  xiv,  1016  pp.  Price  60  cents. 

Mineral  Resources  of  the  United  States,  1885.  Division  of  Mining  Statistics  and 
Technology.  1886.  8°.  vii,  576  pp.  Price  40  cents. 

Mineral  Resources  of  the  United  States,  1886,  by  David  T.Day.  1887.  8°.  viii, 
813  pp.  Price  50  cents. 


Exchange. — Five  thousand  five  hundred  and  nineteen  hooks  and 
pamphlets  have  been  received  during  the  year  through  the  opera¬ 
tions  of  exchange;  the  Sixth  Annual  Report  has  been  sent  to  the 
whole  exchange  list;  Bulletins  34  to  39  and  the  volume  of  Mineral 
Resources  for  1836  have  been  distributed  to  all  entitled  to  complete 
exchange;  and  a  partial  distribution  has  been  made  of  Monograph 
XII,  the  text  being  furnished  to  all  addresses  in  the  United  States, 
and  the  atlas  to  a  few  to  whom  it  was  desirable  it  should  be  speedily 
supplied. 

The  distribution  during  the  year  is  detailed  in  the  following  table: 


Sixth  Annual  Report 

Bulletin  34 . 

Bulletin  35 . 

Bul’etin  36 . 

Bulletin  37 . 

Bulletin  38 . 


1,453 

699 

699 

699 

699 

699 


Bulletin  39 . 

Monograph  XII  (text)  . . 
Monograph  XII  (atlas)  . 
Mineral  Resources,  1886. 

Total . 


699 

252 

68 

701 


6,668 


Sale. — The  growth  of  interest  in  the  publications  of  the  Survey 
is  shown  by  the  following  statement  of  total  amount  of  sales  for 
each  year  from  the  beginning  of  such  sales: 


1883  . . . 

1883- ’84 

1 884- ’ 85 


$335.26 
611.70 
340. 32 


1885- '86 

1886- ’87 

1887- 88 


$767.67 
.  925.99 
1,692,25 


The  following  table  exhibits  in  detail  the  sale  account  for  1887-’88: 


Sale  of  publications. 


Title  of  work. 

Price  of 
work. 

Third 

quarter, 

1887. 

Fourth 
quarter, 
1887. . 

First 

quarter, 

1888. 

Second 

quarter, 

1888. 

Whole  fiscal 
year. 

Monograph 

II . 

$10. 12 

1 

$10.12 

1 

$10. 12 

3 

$30. 36 

5 

$50. 60 

Monograph 

Ill . 

11.00 

3 

33.00 

1 

11.00 

2 

22.00 

6 

66. 00 

Monograph 

IV . 

1. 50 

1 

|1.50 

3 

4.50 

4 

6.00 

5 

7.50 

13 

19. 50 

Monograph 

V . 

1.85 

3 

5.55 

3 

5. 55 

6 

11.10 

8 

14.80 

20 

37.00 

Monograph 

VI . 

1.05 

1 

1.05 

2 

2.10 

1 

1.05 

4 

4.20 

Monograph 

vn . 

1.20 

1 

1.20 

4 

4.80 

4 

4.80 

6 

7.20 

15 

18.00 

Monograph  VM . 

1.10 

2 

2.20 

1 

1.10 

5 

5.50 

3 

3.30 

11 

12.10 

Monograph 

IX . 

1.15 

2 

2.30 

5 

5.75 

3 

3.45 

10 

11.50 

Monograph 

X . 

2.70 

•  •  •  /• 

4 

10.80 

6 

16.20 

3 

8.10 

13 

35.10 
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Sale  of  publications — Continued. 


Tille  of  work. 

Price  of 
work. 

Third 

quarter, 

1887. 

Fourth 

quarter, 

1887. 

First 

quarter, 

1888. 

Second 

quarter, 

1888. 

Whole  fiscal 
year. 

Monograph  XI . 

§1.75 

1 

§1.75 

7 

§12. 25 

6 

§10.50 

3 

§5.25 

17 

§29. 75 

Monograph  XII . 

8.40 

1 

8.40 

38 

319. 20 

27 

226.80 

13 

109. 20 

79 

663. 60 

Bulletin  1 . 

.10 

2 

.20 

r* 

4 

.70 

12 

1.20 

6 

.60 

27 

2.70 

Bulletin  2 . 

.05 

5 

.25 

8 

.40 

9 

.45 

9 

.45 

31 

1.55 

Bulletin  3 . 

.  05 

8 

.40 

7 

.  35 

12 

.60 

7 

.35 

34 

1.70 

Bulletin  4 . 

.  05 

8 

.40 

8 

.40 

12 

.60 

5 

.25 

33 

1. 65 

Bulletin  5 . 

.20 

12 

2. 40 

24 

4.80 

31 

6.20 

27 

5. 40 

94 

18.80 

Bulletin  6 . 

.05 

5 

.25 

11 

.  55 

12 

.60 

11 

.55 

39 

1.95 

Bulletin  7 . 

.10 

2 

.20 

6 

.60 

8 

.80 

9 

.90 

25 

2.50 

Bulletin  8 . 

.10 

3 

.30 

9 

.90 

9 

.90 

9 

.90 

30 

3.00 

Bulletin  9 . 

.05 

2 

.10 

11 

.  55 

11 

.55 

9 

.  45 

33 

1.65 

Bulletin  10 . 

.  05 

10 

.50 

13 

.  65 

14 

.70 

ty 

4 

.  35 

44 

2.20 

Bulletin  11 . 

.  05 

5 

.25 

1 

.  35 

13 

.  65 

8 

.40 

33 

1.65 

Bulletin  12 . 

.05 

1 

.05 

6 

.30 

10 

.50 

5 

.25 

22 

1.10 

Bulletin  13 . 

.10 

4 

.40 

37 

3.70 

14 

1.40 

12 

1.20 

67 

6.70 

Bulletin  14 . 

.15 

3 

.45 

22 

3.30 

13 

1.95 

10 

1.50 

48 

7.20 

Bulletin  15 . 

.  05 

6 

.30 

7 

.35 

9 

.45 

6 

.30 

28 

1.40 

Bulletin  16 . 

.05 

i 

.35 

5 

.25 

10 

.50 

7 

.35 

29 

1.45 

Bulletin  17 . 

.05 

4 

.20 

8 

.40 

10 

.50 

9 

.45 

31 

1.55 

Bulletin  18 . 

.05 

5 

.25 

9 

.  45 

7 

.  35 

10 

.50 

31 

1. 55 

Bulletin  19 . 

.05 

4 

.20 

8 

.40 

9 

.45 

9 

.  45 

30 

1.50 

Bulletin  20 . 

.10 

5 

.50 

12 

1.20 

17 

1.70 

13 

1.30 

47 

4.70 

Bulletin  21 . 

.05 

4 

.20 

10 

.50 

7 

.  35 

8 

.40 

29 

1.45 

Bulletin  22. . : . 

.05 

6 

.30 

5 

.25 

10 

..  50 

6 

.30 

27 

1.35 

Bulletin  23 . 

.15 

9 

1.35 

6 

.90 

12 

1.80 

12 

1.80 

39 

5. 85 

Bulletin  24 . 

.25 

4 

1.00 

6 

1.50 

8 

2.00 

6 

1.50 

24 

6.00 

Bulletin  25 . 

.  10 

18 

1.80 

36 

3.60 

53 

5.30 

11 

1.10 

118 

11.80 

Bulletin  26 . 

.10 

15 

1.50 

32 

3.20 

32 

3.20 

19 

1.90 

98 

9.80 

Bulletin  27 . 

.10 

tv 

4 

.70 

10 

•1.00 

12 

1.20 

10 

1.00 

39 

3.  GO 

Bulletin  28 . 

.10 

7 

.70 

7 

.70 

8 

.80 

10 

1.00 

32 

3.20 

Bulletin  29 . 

.05 

9 

.45 

8 

.40 

14 

,7'0 

7 

.35 

38 

1.90 

Bulletin  30 . 

.  25 

11 

2.75 

13 

3.25 

14 

3.50 

9 

2.25 

47 

11.75 

Bulletin  31 . 

.15 

9 

1.35 

11 

1.65 

8 

1.20 

9 

1.35 

37 

5.55 

Bulletin  32 . 

.20 

55 

11.00 

27 

5.40 

22 

4.40 

16 

3.20 

120 

24.00 

Bulletin  33 . 

.05 

6 

.30 

6 

.30 

15 

.75 

9 

.  45 

36 

1.80 

Bulletin  34 . 

.10 

6 

.60 

11 

1.10 

14 

1.40 

7 

.70 

38 

3.80 

Bulletin  35 . 

.10 

11 

1.10 

15 

1.50 

14 

1.40 

9 

.90 

49 

4.90 

Bulletin  36 . 

.10 

10 

1.00 

51 

5.10 

10 

1.00 

11 

1.10 

82 

8.20 

Bulletin  37 . 

.  25 

9 

2.25 

20 

5.00 

13 

3.25 

5 

1.25 

47 

11.75 

Bulletin  38 . 

.05 

6 

.30 

9 

.  45 

11 

.  55 

4 

.20 

30 

1.50 

Bulletin  39 . 

.10 

15 

1.50 

116 

11.60 

37 

3. 70 

23 

2.30 

191 

19.10 

Bulletin  40 . 

05 

34 

1  70 

17 

.85 

6 

30 

57 

2  85 

Bulletin  41 . 

2 

30 

2 

30 

Bulletin  42 . 

.  15 

46 

6.90 

46 

6  90 

Bulletin  44 . 

21 

1.05 

21 

1  05 

Mineral  Resources,  1882  .  ... 

.50 

30 

15.00 

21 

10. 50 

64 

32.00 

26 

13. 00 

141 

70.50 

Mineral  Resources,  1883-’84. . 

.60 

29 

17.40 

32 

19. 20 

91 

54. 60 

25 

15.00 

177 

106.20 

Mineral  Resources,  1885  .... 

.40 

72 

28.80 

63 

25.20 

113 

45.20 

37 

14.80 

285 

114.00 

Mineral  Resources,  1886  .... 

.50 

404 

202.00 

74 

37.00 

478 

239.00 

Total . 

. 

461 

123. 25 

838 

525.92 

1,312 

702.57 

666 

340.51 

3.277 

1,692.25 

Whole  number  of  volumes  sold,  3,277. 

Whole  amount  received  for  publications,  §1,092.25. 


DARWIN.] 


THE  HEADS  OF  DIVISIONS. 


151 


Free  distribution. — Besides  this  distribution  by  sale  and  exchange 
38,870  volumes  have  been  distributed  gratuitously;  and  2,300  atlas 
sheets  have  been  supplied  to  coadjutors  or  persons  of  service  to  the 
Survey. 

This  number  includes  450  complete  sets  of  Survey  publications 
furnished  to  the  Department  of  the  Interior  for  distribution  to 
libraries  under  the  following  joint  resolution: 

[Public  Resolution — No.  15.] 

[JOINT  RESOLUTION  to  distribute  copies  of  special  memoirs  and  reports  of  the  United  States  Geo¬ 
logical  Survey.] 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  there  shall  be  distributed  from  the  number  of 
special  memoirs  and  reports  of  the  United  States  Geological  Survey  now  author¬ 
ized  by  law  one  copy  of  every  such  publication  to  every  public  library  which  shall 
be  designated  to  the  Secretary  of  the  Interior,  as  follows:  Two  public  libraries  to  be 
designated  by  each  of  the  Senators  from  the  States  respectively,  two  public  libraries 
by  the  Representative  in  Congress  from  every  Congressional  district,  and  two  public 
libraries  by  the  Delegate  from  every  Territory ;  such  public  libraries  to  be  additional 
to  those  to  which  the  said  publications  are  distributed  under  existing  law. 

Approved  March  3,  1887. 

CORRESPONDENCE. 


The  correspondence  carried  on  by  the  division  with  relation  to 
exchanges,  distribution,  or  sale  of  publications  of  the  Survey,  pur¬ 
chase  of  books  or  maps,  amounted  to  13,434  letters  received,  a  daily 
average  of  44+ ,  and  14,898  letters  sent  out,  a  daily  average  of  48+ , 
during  the  past  year. 

One  man  writes  all  the  letters  of  this  large  correspondence;  two 
others  file  and  index  both  the  letters  received  and  the  letters  sent. 
One  man  keeps  the  complicated  accounts  of  sales,  which  necessitate 
over  sixty  distinct  ledger  accounts.  The  exchange  system  occupies 
one  clerk  entirely,  and  the  periodicals-catalogue  the  most  of  the  time 
of  another.  One  person  catalogues  the  incoming  books  and  one 
person  revises  such  work  and  attends  to  general  library  routine. 

I  am,  with  respect, 

Chas.  C.  Darwin, 

Librarian. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey,  Washington,  D.  C. 
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REPORT  OF  MR.  JNO.  D.  McCHESNEY. 

FINANCIAL  STATEMENT. 


Geological 

Survey. 

Salaries, 
office  Geo¬ 
logical 
Survey. 

Total. 

Amount  appropriated  by  Congress  for  work  of 
the  U.  S.  Geological  Survey  for  the  fiscal  year 
ending  June  30,  1888 . 

$467, 700. 00 

$35, 540. 00 

$503, 240. 00 

Classification  of  expenditures  made  from  the  ap¬ 
propriation  for  the  fiscal  year  ending  J  une  30, 
1888,  viz : 

A. — Services . 

$345, 325. 09 

20,256.58 
3, 894. 31 
11,794.23 
40, 840. 36 
7, 753. 28 
3,049.16 
3, 106. 49 
3,681.35 
1,647.08 
707. 99 
49.40 
1,809.42 
1,039.83 
3, 446. 37 
410. 40 
287.66 

1,813.57 

C. — Transportation  of  property . 

I). — Field  subsistence . 

E. — Field  supplies  and  expenses  . 

F. — Field  material . 

G. — Instruments . 

H. — Laboratory  material . 

I. — Photographic  material . 

K. — Books  and  maps  . 

L-  -Stationery  and  drawing  material . 

M. — Illustrations  for  reports . 

N.  Office  rents . 

O. — Office  furniture . 

P. — Office  supplies  and  repairs . 

Q. — Storage T . .* . 

R. — Correspondence . 

Bonded  railroad  accounts : 

Freight .  $526. 70 

Transportation  of  assistants  1,286.87 

450,912.57 

35, 139. 57 

Total  amount  of  expenditures  Geological 
Survey  . 

Amount  expended  on  account  appropriation  for 
salaries,  Office  Geological  Survey . 

35,139.57 

Total  amount  of  expenses . 

450, 912. 57 

35,139.57  |  486.052.14 

Balance  unexpended . 

16, 787. 43 

400.43  |  17,187.86 

Amount  on  hand  to  meet  outstanding  liabilities. . 

. 

16,787.43 

Jno.  D.  McChesney, 

Chief  Disbursing  Clerk  U.  S.  Geological  Survey. 
Washington,  D.  C.,  July  1,  1888. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey ,  Washington,  D.  C. 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  chief  disbursing  clerk ,  U.  S. 
Geological  Survey,  during  the  third  quarter  of  1887. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

1887. 
July  13 
14 

1 

S.  J.  Haislett . 

Field  material 

2 

Washington  City  post-office . 

Rent  of  post-office  boxes. 

16 

3 

L.  C.  Schmidt . 

Services,  July  1  to  7, 1887. . 

20 

4 

Charles  D.  Walcott . 

Traveling  expenses . 

20 

5 

A.C.Peale . 

.  do  .....' . 

21 

21 

6 

7 

Henry  L.  Reynold,  jr . 

Alvah  Bushnell . 

Services,  July  1  to  15,  1887  . 

Stationery . 

21 

8 

Quartermaster’s  Department,  U. 

Tents  ...” . 

21 

9 

S.  Army 

•T.  Bishop  &  Co . 

Laboratory  supplies  and  material . . . 

22 

10 

Louisville,  New  Albany  and  Chi- 

Transportation  of  assistants . 

22 

11 

cago  Railroad. 

Chicago,  Burlington  and  Quincy 

. do . 

22 

12 

Railroad. 

W.  and  L.  E.  Gurley . 

Instruments . 

22 

13 

R.  C. Jones . 

Publications . 

23 

14 

Wyckoff,  Seamans  &  Benedict . . . 

Typewriters  and  repairs . 

25 

15 

F.  E.  Short  &  Co . 

8  mules . 

27 

16 

H.  H.  Nichols . 

Drawings . 

27 

17 

Sparks  Bros,  and  Hancock . 

2  mules  and  1  horse . 

29 

18 

Wash.  B.  Williams  . 

Field  material . 

31 

19 

Nelson  H.  Darfon . 

Services,  .July,  1887  . 

31 

20 

Pay-roll  of  employes . 

. do . 

31 

21 

. do . 

. do . 

31 

22 

. do . 

. do . 

31 

23 

. do . 

. do . 

31 

24 

. do . 

.  do . 

31 

25 

Ira  Sayles . 

. do . 

31 

26 

George  W.  Shutt . 

. do . 

31 

27 

Gilbert  Thompson . 

. do . 

31 

28 

John  H.  Renshawe . 

.  do . 

31 

29 

Anton  Karl . 

. do . 

31 

30 

H.  B.  Crosby . 

. do . 

Aug.  1 

1 

31 

A.  C.  Peale . 

. do . 

32 

R.  D.  Irving . 

. . . do . 

1 

33 

O.  C.  Marsh . 

. dj . 

1 

34 

M.P.Felch  . 

. do . 

1 

35 

G.  Baur  . 

. . .  do . 

1 

36 

F.  Berger . 

. do . 

1 

37 

H.  Gibb . 

. do . 

1 

38 

R.W.  Westbrook . 

. do . 

1 

39 

L.  P.  Bush . 

. do . 

1 

40 

Sam  H.  Scudder . 

, . . do . 

1 

41 

H.  R.  Geiger . 

...  do . 

1 

42 

Leo  Lesquereux . 

...  do . 

1 

43 

N.  S  Shaler  .... 

, .  do . 

1 

44 

Pay-roll  of  employes . 

. .  do . 

1 

45 

R.  P.  Rothwell . 

. do . 

1 

1 

46 

Pay-roll  of  employes  . . 

, . . do . 

47 

Park  &  Tilford . 

Field  supplies . 

1 

48 

J.  J  Foster  ....  . 

Field  material . 

1 

49 

Services,  July,  1887  . 

1 

50 

H.  H.  Nichols . 

Services,  July  19  to  31,  1887  . 

1 

51 

Joseph  F.  Page  . . 

Miscellaneous  Held  supplies . 

i 

52 

Washington  Gas-Light  Company  . 

Gas,  July.  1887  . 

2 

53 

Field  subsistence . 

2 

54 

Field  supplies . 

2 

2 

55 

Field  material . 

J.  Henry  Blake  . . 

Services,  July,  1887 . 

2 

57 

Horace  M.  Reeve  . . 

Services,  July  19  to  31,  1887  . 

2 

58 

James  G.  Bowen . 

Care  and  forage  of  public  animals . . 

2 

59 

Services.  July,  1887  . 

2 

60 

E  S  Strobhar 

Publications . 

2 

61 

. .  do . 

3 

62 

3 

63 

Field  expenses  . 

3 

64 

T.  C.  Chamberlin 

Services.  July,  1887 . 

3 

65 

B.  F.  McCaully  &  Co . 

Care  and  forage  of  public  animals. . 

4 

66 

Services,  July  5  to  31,  1887  . 

6 

6 

6 

67 

Traveling  expenses . 

68 

69 

70 

(  Services,  July,  1887 . 

S  T)  Howie 

. do . 

6 

C  R  Van  Hise 

6 

6 

6 

71 

72 

. do . 

, . .  do . 

73 

Bingham  Perrin . 

Subsistence  and  supplies . 

6 

6 

74 

75 

76 

Subsistence  supplies . 

.  do . 

6 

C.  H.  Oppel  &  Sons . 

Amount. 


$54. 00 
8.00 
10.00 
58. 99 

129.70 

29.35 
7.80 
278. 06 


53.72 

80.50 

10.94 


90.00 
14.  IX) 

85.50 
1,165.00 

8.75 
525.00 

5.20 
100.00 
555. 02 
3,025. 71 
3, 005. 64 
1,878.72 

766. 40 
136. 95 

252.70 

210. 60 

210. 60 

168. 50 

25.  60 

168. 50 

252. 70 
337. 00 
170. 00 
140. 00 
70. 00 
60.00 
55. 00 
50.00 

210. 60 

126. 40 
75. 00 

260. 00 

286. 60 
75. 00 

615. 60 
22.95 

228. 35 
134. 80 
22. 00 

9.50 

76.40 
52. 52 
11.02 
10. 00 

151.60 

27.50 

70. 35 

117.90 
12.00 
2. 10 
135.00 
131.21 
78. 26 
50. 46 
39.19 

44.75 
50. 00 

110.00 
130. 00 

168. 50 
90.00 

19.60 

26. 75 
22  25 
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Date 
of  pay¬ 
ment. 


1887. 
Aug.  6 
8 
8 
8 
8 
8 
8 
8 
8 

9 

10 

10 

10 

10 

10 

10 
10 
10 
10 
10 
11 
11 
13 
12 
16 
17 
17 
17 
17 
17 

17 

18 
19 

19 

24 

24 

24 

24 

24 

24 

25 

26 
26 
26 
26 
26 
26 

30 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 


No.  of 
voucher. 

r - 

To  whom  paid. 

For  what  paid. 

77 

William  C.  Day . 

Services,  July  1  to  30, 1887 . 

78 

Fred.  Brown . 

. do . 

79 

J.  B.  Hatcher . 

. do . . 

80 

J.  Brown . 

.  ...do . 

81 

W.  S.  Bayley  . 

. do . 

82 

Thomas  C.  Howie . 

. do . 

83 

Waif  red  Been . 

Field  supplies,  etc 

84 

John  F.  Paret . 

Office  supplies . 

85 

Pay-roll  of  employ6s . 

Services,  July,  1887 . 

86 

Robert  Robertson . 

Services,  July  1  to  24, 1887 . 

87 

88 

Quartermaster’s  Department,  U. 
S.  Army. 

J.  E.  Todd . 

Field  material . 

Services,  July,  1887 . 

89 

George  H.  Stone . 

. do . 

90 

P.  H.  Bevier . 

Traveling  expenses . 

91 

P.  D.  Staats.  . 

. do . 

92 

F.  W.  Bennett . 

, . . do . 

93 

Asher  Atkinson . 

. . .  do . 

94 

W.  H.  Luster,  jr . 

. do . 

95 

Joseph  Orsborn . 

Laboratory  material . 

96 

Charles  S.  Cudlip . 

Photographic  material . 

97 

Ira  Sayles . 

Traveling  expenses . 

98 

Richard  Thornton . 

VTashing  towels . 

99 

Elgin  R.  L.  Gould  . 

Services . 

100 

V.  Baldwin  Johnson. . .  . 

10  tons  of  coal . 

101 

H.  H.  Nichols . 

Services,  August  1  to  16, 1887 . 

102 

John  C.  Parker . 

Office  furniture  and  supplies . 

103 

I.  C.  Russell . 

Miscellaneous  field  expenses . 

Traveling  expenses  . . 

104 

Nelson  H.  Darton  . 

105 

C.  R.  Van  Plise . 

. do . 

106 

Bailey  Willis . 

Miscellaneous  field  expenses . 

107 

Robert  Robertson . 

Traveling  expenses . 

108 

Julius  Baumgarten . 

1  dat  ing  stamp . 

109 

Mutual  District  Messenger  Com¬ 
pany. 

Baltimore  and  Ohio  Telegraph 
Company. 

Oregon  and  California  Railroad 
Company. 

R.  L.  Packard . 

Rental  of  night  watch . 

110 

Telegrams,  July,  1887  . 

111 

Transportation  of  assistants . 

112 

Services . 

113 

W.  H.  Burwell . 

Services,  July.  1887  . 

114 

United  Lines  Telegraph  Company 
Wyckoff,  Seamans  &  Benedict . . . 
Pennsylvania  Railroad  Company . 
Henry  Gannett  . . . 

Telegrams,  July,  1887 . 

115 

Remodeling  typewriter . 

116 

Transportation  of  assistants . 

117 

Traveling  expenses . 

118 

Roland  D.  Irving . 

. do . 

119 

. do . 

. do . 

120 

H.  R.  Geiger . 

. do . 

121 

G.  A.  Buckstaff . 

Services,  July  12  to  August  22, 1887. . 
Services,  July  19  to  August  20, 1887. . 
Services,  July  23  to  August  20, 1867. . 
Hire  of  two  canoes . 

122 

Agatagi . 

123 

James  Carriboo . 

124 

C.  H.  Oppel  &  Sons . 

125 

W.  N.  Merriam . 

Services,  July  and  August,  1887 . 

126 

Sam.  H.  Scudder . 

Services,  August,  1887  7 . 

127 

A.  C.  Peale . 

.  do . 

128 

Pay-roll  of  employes . 

. do . 

129 

0.  C.  Marsh . 

. do  . 

130 

J.  Henry  Blake . 

. do . 

131 

Pay-roll  of  employes . 

. do .  . 

132 

Roland  D.  Irving  . 

. do . 

133 

H.  R.  Geiger  . .  A . 

. do . 

134 

F.  W.  Geiger . 

. do . 

135 

S.  I).  Howie . 

.....  do . 

136 

W.  S.  Bayley . 

. do . 

137 

J.  S.  Newberry . . . 

.  ..do . 

138 

Nelson  H.  Darton  . 

. do . 

139 

A.  F.  Dunnington . 

. do . 

140 

Lester  F.  Ward 

....  do . 

141 

George  W.  Shutt. . . 

. do . 

142 

Anton  Karl . 

. do . 

143 

W.  II.  Holmes. . . 

. do . 

144 

Ira  Sayles . 

. do . 

145 

Pay-roll  of  employes . 

. do . 

. do . * .  . 

. do . 

147 

....  do . 

, . . do . 

148 

. do . 

. . .  do . 

149 

. do . 

....  do . 

150 

Wyckoff.  Seamans  &  Benedict. . . 
L.  C.  Wooster . 

1  typewriter . 

151 

Services,  August  5  to  27,  1887 . 

152 

i  Alvah  Bushnell . 

Field  material . 

Amount. 


$120. 00 
160. 00 
160  00 
90.00 
60.00 
60.00 
3.52 
1.40 
299.62 
38.71 
30. 23 

100.00 
125. 00 
79.63 

49.50 
94.98 

27.70 
60.27 

6.00 
94. 41 
38.67 
.42 
80.00 

48.40 
28.00 

102. 00 
26. 30 
56.80 
146. 25 
107. 24 
93.20 
5.00 
5.00 

.58 

24.38 

150. 00 
40.00 
.52 
35.00 
332. 01 
121.77 
132.74 

120. 59 
88.00 

87.50 
66.00 
58.00 
24.00 

235. 80 

210. 60 
168. 50 
286  60 
337. 00 

151.60 

322. 20 

252. 70 

126. 40 
45.00 

110.00 
60. 00 

606. 60 
100. 00 

134. 80 

168. 50 
252. 70 
168. 50 

202. 20 

117.90 

756. 40 
2, 437. 90 
1,801.79 
2, 856. 20 

547. 90 
90.00 
80.00 

7. 80 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney ,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

1887. 

Sept.  1 

153 

1 

154 

1 

155 

1 

156 

1 

157 

1 

158 

1 

159 

2 

160 

2 

161 

2 

162 

2 

163 

2 

164 

2 

165 

2 

166 

2 

167 

2 

168 

3 

169 

3 

170 

3 

171 

3 

172 

3 

173 

3 

174 

3 

175 

3 

176 

3 

177 

3 

178 

5 

179 

6 

180 

6 

181 

6 

182 

6 

183 

6 

184 

6 

185 

6 

186 

6 

187 

6 

188 

6 

189 

6 

190 

6 

191 

tv 

4 

192 

7 

193 

7 

194 

8 

195 

9 

196 

8 

197 

9 

198 

9 

199 

9 

200 

9 

201 

9 

202 

10 

203 

10 

204 

12 

205 

12 

206 

12 

207 

12 

208 

12 

209 

12 

210 

12 

211 

12 

212 

12 

213 

12 

214 

13 

215 

13 

216 

13 

217 

13 

218 

14 

219 

15 

220 

15 

221 

15 

222 

15 

223 

15 

224 

15 

225 

16 

226 

To  whom  paid. 


For  what  paid. 


Amount. 


William  Kerr . 

R.  S.  Tarr . 

Atlantic  and  Pacific  Railroad .... 
Oregon  and  California  Railroad . . 
Baltimore  and  Ohio  Railroad .... 

Northern  Pacific  Railroad . 

Washington  Gas-Light  Company. 

S.  J.  Haislett . 

Melville  Lindsey . 

George  Ryneal,  jr . 

Robert  E.  C.  Stearns . 

Gilbert  Thompson . 

Pay-roll  of  employes . 

G.  Baur  . 

F.  Berger . 

H.  Gibb . 

Charles  D.  Wolcott . 

Fred  Brown . 

Collier  Cobb . 

Royce  &  Marean . 

F.  G.  Alexander . 

J.  &  H.  Berge . 

Emil  Greiner . 

Wash.  B.  Williams . 

Baltimore  and  Ohio  Railroad . 

Little  Rock  and  Fort  Smith  Rail¬ 
way. 

W.  M.  Hosier . 

J.  G.  Bowen . 

W.  C.  Day . 

J.  B.  Hatcher . 

George  Nevins . 

L.  P.  Bush . 

W.  H.  Harwell . 

William  M.  Fontaine . 

St.  Louis  and  San  Francisco  Rail¬ 
way. 

Darling,  Brown  &  Sharpe . 

Buffalo  Dental  Company . 

W.  J.  McGee . 

Harris  Mopkins . 

I.  C.  Russell . 

Eimer  &  Amend . 

Charles  H.  Kraft . 

Madeline  D.  Routh . 

Horace  M.  Reeve . 

Capt.  C.  E.  Dutton... . 

F.  W.  Bennett . 

Asher  Atkinson . 

P.  D.  Staats . 

W.  H.  Luster,  jr . 

P.  H.  Bevier  . 

William  D.  Castle . 

Shepherd  &  Hurley . 

Western  Union  Telegraph  Com¬ 
pany. 

J.  E.  Todd . 

N.  S.  Shaler . 

R.  S.  Tarr . 

Robert  T.  Hill . 

N.  Y.  Central  and  Hudson  River 

Railroad. 

F.  A.  Green  &  Co . 

. do . 

. do . 

. do . 

L.  H.  Schneider's  Son . 

. do . 

Charles  S.  Cudlip . 

Thomas  Parry . 

Newport  News  and  Mississippi 
Valley  Railroad. 

Z.  D.  Gilman . 

Mutual  District  Messenger  Com- 
pany 

WilliamB.  Lane . 

W.  M.  Shuster  &  Son . 

J.  F.  Sabine . 

Edward  J.  Hannan . 

John  B.  Rogers . . 


Laboratory  material . 

Services  during  August,  1887 . 

Transportation  of  assistants ....... 

. do . 

. do . 

. do . 

Gas  for  August,  1887 . 

Field  material . . 

Field  supplies . 

Office  and  photographic  supplies. . . 

Services,  August,  1887 . 

. do . 

.  do . 

. do . 

. do . 

_ do . 

. do . 

. do . 

Services,  August  15  to  31,  1887 . 

Laboratory  supplies . 

. do . 

. do . 

. do . 

Field  material . 

Transportation  of  assistants . 

. do . 

Publications . 

Care  and  forage  of  public  animals . . 

Services,  August  1  to  29,  1887 . 

Services,  August,  1887  . 

. do . 

. do . 

. do . 

. do . 

Transportation  of  assistants . 

Instruments . 

Laboratory  supplies . 

Traveling  expenses . 

. do . 

Miscellaneous  field  expenses . 

Laboratory  supplies . 

. do . 

Services,  August  1  to  11,  1887 . 

Services,  August,  1887 . 

Traveling  expenses . 

. do . 

. do . 

. do . 

. do . 

. do . 

Field  material . .. . 

Laboratory  supplies . 

Telegrams,  July,  1887 . 

Services,  August,  1887 . 

. do . 

Services,  July,  1887 . 

Traveling  expenses . 

Transportation  of  assistants . 

Subsistence  supplies . 

. do . 

. do . 

. do . 

Laboratory  supplies . 

. do . 

Photographic  supplies . 

Services,  September  1  to  12,  1887. . . . 
Transportation  of  assistants . 

Photo,  and  laboratory  supplies . 

Rental  of  night  watch  . 

Traveling  expenses . 

Office  supplies . 

Publications . 

Photo,  material . 

Services,  September  1  to  16,  1887  . . . 


$18.00 

30.00 

8.75 

8.72 
285. 00 
352.05 

68. 52 
42.90 

4.50 

7.25 
168.50 
210. 60 
601.42 
140. 00 

70.00 

60.00 

168.50 

140.00 

27.41 

4.30 

3.00 

27.01 

4.25 
5.20 

65. 10 

5.15 

30.00 

72.35 

100.00 

160.00 

90.00 

50.00 

40.00 

168.50 

9.90 

60.00 

32.80 
105.24 

12.11 

98.72 

14.15 
33.70 

21.52 

67.50 
29.10 

87.15 
38.46 
37. 89 
31.23 

86.73 
5.00 

54. 50 

35.80 


130.00 
270.00 
30.  00 
15.75 
31.50 


26.72 
25. 76 
6.90 
8.50 
31.33 
12.00 

59.90 
14.00 

61.90 

215.84 

5.00 

21.50 
68.60 
4.00 
100.00 
36. 52 
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Date, 
of  pay¬ 
ment. 


1887. 
Sept.  17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 

19 

20 
20 
20 
29 
29 

29 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 


No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

227 

228 
229 

Atlantic  and  Pacific  Railroad  .... 

Robert  T.  Hill . 

H.  R.  Geiger . 

Transportation  of  freight  . 

Traveling  expenses  . 

. do . 

230 

Ira  Sayles  . 

. do . 

231 

Thomas  C.  Howie . 

Services,  August,  1887  . 

232 

C.  R.  Van  Hise . 

. do . 

233 

Charles  Oley . 

. do . 

234 

Samuel  Lightfoot 

Services,  August  5  to  27, 1887 . 

235 

Spencer  Bros . 

Field  material . 

236 

A.  G.  Gedney . 

Office  furniture  and  supplies . 

237 

Z.  D.  Gilman . 

Laboratory  supplies . 

238 

Edwin  B.  Garges . 

1  bay  horse . 

239 

George  William  Cook . 

Services,  July  5  to  August  27,  1887. . 
Traveling  expenses . 

240 

Henry  Gannett  . 

241 

Thomas  M.  Chatard . 

Services,  August,  1887 .  . 

242 

M.  P.  Felch . 

. do . 

243 

Thomas  Hampson. . 

Traveling  expenses . 

244 

I.  C.  Russell . 

. do .  . 

245 

. do . 

Miscellaneous  field  expenses . 

246 

Noah  R.  King . 

Services,  July  11  to  September  26, 
1887. 

. do  . 

247 

Charles  D.  Lunghrey . 

248 

James  Forristell . 

. do . 

249 

G.  F.  Becker . 

Services,  July  1  to  September  30, 
1887. 

. do . 

250 

T.  A.  Bostwick . 

251 

A.  Hermann . 

.  do . 

252 

Ira  Sayles . 

Services,  September,  1887 . 

253 

Lawrence  C.  Johnson . 

.  ...  do . 

254 

A.  C.  Peale . 

255 

Robert  T.  Hill . 

. do . 

256 

H.  R.  Geiger . 

. do . 

257 

F.  W.  Geiger . . 

. do . 

258 

J.  Henry  Blake . 

. do . 

259 

Sam  H.  Scudder . 

. do . 

260 

O.  C.  Marsh . 

. do . 

261 

J.  B.  Hatcher . 

. do . 

262 

G.  Baur . 

. do . 

263 

F.  Berger . 

. do . . . 

264 

H.  Gibb . 

. do . 

265 

L.  P.  Bush  . 

. do . 

266 

Philip  C.  Warman . 

. do . 

267 

A.  F.  Dunnington . 

. do . 

268 

Robert  E.  C.  Stearns . 

. do . 

269 

Gilbert  Thompson . 

. do . 

270 

W.H.  Holmes  . 

. do  . . 

271 

Anton  Karl . 

. do . 

272 

Pay-roll  of  employes . 

...  . .  do . 

273 

. do . .  . 

. do . 

274 

. do . 

. do . . . 

275 

. do . 

. do 

276 

. do . 

.  do . 

277 

Lester  F.  Ward . 

. do . 

278 

Roland  I).  Irving  . 

. do . 

279 

George  W.  Shutt  . 

. do . 

280 

John  R.  Proctor . 

Services,  July  1  to  September  1, 1887. 
Services,  July  23  to  August  31,  1887 
Instruments . 

281 

J.  S.  Brown . 

282 

Paul  Roessler . 

283 

Bangs  &  Co . 

Publications . 

284 

Hannibal  and  Saint  Joseph  Rail¬ 
road. 

Chicago,  Burlington,  and  Quincy 
Railroad. 

Baltimore  and  Ohio  Railroad  . . . . 

Transportation  of  assistants  . 

285 

. do . 

286 

. do . 

287 

Robert  Cameron . 

Field  material,  etc  . 

288 

. do . 

. do . 

289 

E.  J.  Post  &  Co . . 

. do . 

290 

. do . 

291 

L.  B.  Putney . 

1  horse . 

292 

R.  R.  Gurley  . 

Traveling  expenses  . . 

293 

Washington  Gas-Light  Company. 
Washington  City  post-office  . 

Gas  for  September,  1887 . 

294 

Rent  of  post-offices  boxes. . . 

295 

Charles  D.  Walcott . 

Services,  September,  1887  . . 

296 

C.W.  Hayes . 

. do. ...  r . 

297 

Pay-roll  of  employes . 

298 

Annie  S.  Vorehead . 

Services,  September  1  to  14, 1887  _ 

Services,  July  1  to  September  30. . . 

299 

W.  P.  Rust . 

300 

Bailley  Willis . 

301 

1  Thomas  M.  Chatard . 

Traveling  expenses  . . . 

302 

1  W.  J.  McGee . 

. do....... . 

Amount. 


$28.78 

11.75 
66.40 
50.88 
60.00 

135. 00 
90.00 

36.29 
12. 50 
26.00 
14. 66 

185. 00 
104.51 
61.57 
134. 80 
170.00 

41.30 
66. 25 

12.75 
112.50 


150.00 
208. 50 
1,000. 00 


225.00 
225. 00 
114.20 

114.20 
163.00 

97.80 

122. 20 
45.00 

146.80 

203. 80 
326.  00 
210.00 
140. 00 

70.00 
60.00 
50. 00 
130.40 
130.  40 
163.00 
203. 80 

195. 60 
163.00 
327. 43 
847. 31 

2, 294. 00 
2, 901.00 
1,734.33 
163.00 

244.60 

244.60 
140.00 
102.00 

60.91 

3.00 

6.15 

46.10 

24.50 
21.85 
74.90 
97.30 
40.  60 
125.00 

20.80 
70.39 

8.00 

163.00 

50.00 

315. 60 
22. 83 

256. 75 
90. 34 
257. 15 
97. 27 
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Date, 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Sept.  30 
30 

303 

James  G.  Bowen . 

Care  and  forage  of  public  animals. . 
Field  supplies . 

$74.87 
12. 73 
74.87 
448. 55 
12  33 

304 

A.  Lamme  &  Co . 

30 

305 

.  do . 

30 

306 

Adams  Express  Company . 

Freight  charges,  July,  1887 

30 

307 

Western  Union  Telegraph  Com¬ 
pany. 

Chesapeake  and  Potomac  Tele¬ 
phone  Company. 

Nelson  H.  Darton . 

Telegrams  for  August,  1887  . 

30 

30 

308 

309 

Services,  July  1  to  September30, 1887. 

Services,  September,  1887 

155. 50 

100.00 
163. 00 
15.35 

30 

310 

William  M.  Fontaine . 

. do . 

30 

311 

George  W.  Lord  . . 

Office  supplies . 

Total . 

57,598.45 

t 

SALARIES  OFFICE  OF  GEOLOGICAL  SURVEY. 

1887. 
July  14 
31 

1 

John  C.  Collins . 

4 

Salary,  July  1  to  7, 1887 . 

9.23 

3 

A.  B.  Searle . 

. do . 

75  80 

31 

3 

Pay-roll  of  employes . 

Services,  July,  1887 . 

2,877.03 
22. 17 

17 

4 

Clayborn  Lamar  Gatewood . 

Services,  July  1-.7, 1887  . 

Aug.  31 
31 

5 

G.  P.  Marvine . 

Services,  August,  1887 . 

60.  80 

6 

A.  B.  Searle . 

. do . 

75  80 

31 

Pay-roll  of  employes  . 

. do . 

2, 856. 80 
13.04 

Sept.  10 
30 

8 

D.  W.  Norton . 

Services,  September  1-10,  1887  . 

9 

Patrick  Wheeler . 

. do . 

49.00 

30 

10 

A.  B.  Searle . 

. do . 

73.40 

30 

11 

Pay-roll  of  employes . 

. do . 

2,722.58 

Total  . 

8,835.45 

Abstract  of  disbursements  made  by  C.  D.  Davis,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  third  quarter  of  1887. 

1887. 
July  20 
20 

1 

E.  W.  F.  Natter . 

Miscellaneous  field  expenses . 

110.50 

2 

William  H.  Lovell . 

. do . ?  . 

39.07 

20 

3 

R.  D.  Cummin . 

30.  90 

20 

4 

Clifford  Arrick . 

. do . 

52.70 

20 

5 

C  C.  Bassett  . 

. do . 

53.60 

21 

6 

R.  D.  Cummin . 

27.03 

21 

-  fy 

E.  B.  Clark . 

. do . 

35. 50 

26 

8 

Clifford  Arrick . 

do . 

70. 98 

27 

9 

John  B.  Rogers . 

Traveling  expenses . 

6.50 

27 

10 

D.J  Howell  . 

. do.”  . . .? . 

13.57 

31 

11 

William  H.  Lovell  . 

Services,  July,  1887 . 

80.44 

31 

31 

12 

. do . 

50. 00 

13 

Laurence  Thompson . 

. do . 

83.43 

31 

31 

14 

15 

C  J  Akin 

50. 00 

Charles  C.  Bassett . 

. do . 

81.20 

31 

16 

W.  E.  Horton  . . 

. do . 

50. 00 

31 

17 

E.  B.  Clark . 

. do . 

75.80 

31 

18 

Lawson  Sandford  . 

. do . 

50.00 

31 

19 

R.  D.  Cummin . 

. do . 

101. 10 

31 

20 

James  Longstreet,  jr . 

. do . 

50. 50 

31 

21 

Pay-roll  of  employes . 

. do . 

1,080. 53 
38. 71 

31 

22 

MacGregor  Jenkins  . 

.  do . 

Aug  1 

1 

23 

Laurence  Thompson . 

Miscellaneous  field  expenses . 

39. 31 

24 

S.  H.  Bodfish  . 

....  do . 

64.30 

1 

25 

.  do . \ . 

Traveling  expenses . 

34.07 

2 

26 

Henry  Ulke,  jr . 

. do . 

15. 60 

4 

27 

.  ...  do . 

63. 11 

28 

Miscellaneous  field  expenses . 

80.19 

5 

29 

. do . 

57.80 

6 

30 

Traveling  expenses . 

.  22. 05 

6 

31 

E  W  F  Natter  . 

. do . 

9.41 

8 

^-9 

9 

32 

33 

34 

35 

36 

37 

T)  .T  Howell 

. do . 

16. 65 

R  H  Hale 

. do. . .  . 

17. 81 

Services,  July  25  to  31, 1887 . 

11.29 

9 

9 

11 

Fi  B  Clark 

Miscellaneous  field  expenses . 

72.  (X) 

. do . 

20.70 

William  H.  Lovell . 

55.66 
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Abstract  of  disbursements  made  by  C.  D.  Davis,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


1887. 
Aug.  12 
17 
17 

17 

18 
18 
20 
20 
20 
22 
23 
29 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Sept.  6 
6 
6 
6 
8 
8 
8 
8 
9 
10 
13 
15 
17 
17 
20 
22 
23 

23 

24 
26 

27 

28 
27 


No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

38 

E.  B.  Clark . 

Traveling  expenses . 

39 

Laurence  Thompson . 

Miscellaneous  field  expenses . 

40 

E.  W.  F.  Natter  t . 

Traveling  expenses . 

41 

E.  C.  Robinson . 

Transportation . < . 

42 

William  H.  Lovell . 

Miscellaneous  field  expenses . 

43 

E.  B.  Clark . . 

44 

Willard  I).  Johnson . 

. do . 

. do . 

Traveling  expenses . 

46 

Clifford  Arrick . 

. do . 

47 

E.W.F.  Natter . 

Miscellaneous  field  expenses . 

48 

Robert  D.  Cummin . 

. do . ? . 

49 

E.  W.  F.  Natter . 

50 

Laurence  Thompson  . 

Services,  August,  1887  . 

51 

C.  J.  Akin . 

. do ^ .  .  . 

52 

Sumner  H.  Bodflsh . 

. do . 

53 

McGregor  Jenkins . 

. do . 

54 

Charles  C.  Bassett . 

55 

James  Longstreet,  jr . 

. do . 

56 

Robert  I).  Cummin . 

. do . 

57 

Lawson  Sandf ord . . : . 

58 

E.  B.  Clark . 

59 

W.  E.  Horton . 

. do . 

60 

William  H.  Lovell . 

. do . 

61 

G.  L.  Johnson . 

. do . 

62 

Pay-roll  of  employes . 

. do . 

63 

C.  C.  Bassett  ...  7. . 

Miscellaneous  field  expenses . 

64 

W.  H.  Lovell . 

65 

Pearce  Prentiss . 

Services,  August  22  to  31, 1887  . 

66 

Frank  L.  Wagner . 

Services,  August  25  to  31 , 1887  . . 

67 

Willard  D.  Johnson . 

Miscellaneous  field  expenses . 

68 

Robert.  D.  Cummin . 

69 

E.  B.  Clark . 

70 

E.  W.  F.  Natter . 

Traveling  expenses . 

71 

S.  H.  Bodflsh . 

Miscellaneous  field  expenses  . 

72 

Laurence  Thompson . 

73 

S.  H.  Bodflsh . 

Traveling  expenses  . . 

74 

Marcus  Baker . 

75 

E.  W.  F.  Natter . 

76 

. do . 

77 

E.  C.  Robinson . 

Field  transportation 

78 

E.B.  Clark . 

79 

Robert  1).  Cummin . 

80 

Willard  D.  Johnson . 

. do . 

81 

E.  W.  F.  Natter . 

82 

Charles' C.  Bassett . 

Traveling  expenses . 

83 

Laurence  Thompson . 

Miscellaneous  field  expenses  . 

84 

W.  H.  Lovell . 

85 

C.  C.  Bassett . 

Amount. 


§10.  30 
100. 02 
28. 98 
200. 00 
20.18 
69. 00 
92.27 

44.14 
8.71 

149. 67 
53.05 
290. 30 

84.20 
50. 00 

168. 50 
50. 00 

84. 20 

50. 50 

101.10 

50. 00 
75.80 
50.00 

84.20 
50.00 
1,168.60 

135. 10 

69. 66 
16. 13 

6.77 
119. 93 
61.39 
80.00 
28. 86 
177. 28 
78.57 
36. 17 
97. 60 

13.10 
264. 88 
200. 00 

52. 50 
52.  66 

104. 55 
259. 75 
1.30 

48.67 
52.92 

68.15 


7,974. 67 


Abstract  of  disbursements  made  by  Mark  B.  Kerr,  disbursing  agent,  U.  S.  Geological 

Survey,  during  the  third  quarter  of  1887. 


1887. 
July  11 

1 

Robert  H.  Chapman . 

Field  expenses . 

$45. 20 
21.15 

15 

2 

Hamilton  S.  Wallace  . 

Traveling  expenses . 

15 

3 

. dr  . 

57.07 

15 

4 

Frank  Tweedy. . . 

Traveling  expenses . 

54.00 

15 

5 

II.  Black . 

Field  expenses . 

20. 00 

15 

6 

C.H.  Fitch . 

Traveling  expenses . 

19.75 

15 

7 

Fitz  D.  Ermentrout . 

. do . 

26. 50 

15 

8 

E.M.  Douglas . 

. do . 

25.10 

16 

9 

R.  U.  Goode . 

....  do  . 

20.20 

17 

10 

Charles  F.  Urquhart . 

. do . 

19. 90 

17 

11 

J.  C.  Pierce. ..! . 

Forage  . 

22. 60 

16 

12 

Highsmith  &  Beam . 

Field  expenses . 

61.60 

17 

13 

A.  Lamme  &  Co . 

Field  subsistence,  etc . 

114. 26 

17 

14 

. do . 

15.18 

17 

15 

E.  J.  Owenhouse . 

22. 00 

17 

16 

John  H.  Hughes . . 

80.92 

17 

17 

Mandel  Bros.  &  Co . 

31.92 

18 

18 

Goldberg,  Bowen  &  Co . 

Field  subsistence,  etc . 

33. 80 

18 

19 

Robert  Muldrow . 

Traveling  expenses . 

18.35 

MCCHESNEY.] 


TIIE  HEADS  OF  DIVISIONS 
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Abstract  of  disbursements  made  by  Mark  B.  Kerr,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


To  whom  paid. 


For  what  paid. 


1887. 


July  18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
21 
22 
22 
23 
23 
23 
23 
23 
22 
23 
23 
23 


23 

23 

23 

23 

23 

23 

23 

23 

23 

27 

27 

27 

27 

27 

Aug.  3 

July  31 

Aug.  2 
1 

July  31 

Aug.  2 
2 
3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

July  31 
31 
31 

Aug.  15 

5 

6 
6 
6 
6 

July  31 

Aug.  8 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
3-s 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 


Frank  H. Thorp  . 

Frank  E.  Gove . 

E.  M.  Hasbrouck . 

Owen  W.  Thomas,  jr . 

H.  M.  Wilson . 

. do . 

Rediek  H.  McKee . 

M.  J.  Holt . 

Paul  Holman . 

H.M.  Wilson . 

Weatherwax  &  Culbertson  . . . 

N.  Wonderly . 

L.  Laudecker . 

John  W.  Dench . 

Mark  B.  Kerr . . 

Wells,  Fargo  &  Co . 

George  Engle . 

S.  F .  Moraine . 

W.  W.  Kentnor  . 

D. R.&  E.  V.  Mills . 

George  H.  Currey . 

H.  Judge . 

Thompson  &  Stephenson . 

Boyd  T.  Dickenson . 

|  H.  C.  Myer . 

j  E.  T.  Perkins,  jr  . 

(  E.  Barton . 

Darby,  Canthen  &  Co . 

Hurlburt  &  Semple . 

W.S.  Greer . 

J.  E.  Knight . 

E. J.  Post  &  Co . 

R.  D.  Cunningham . 

Lincoln  Martin . 

E.  M.  Douglas . 

William  L.  Laurence . 

U.  S.  Subsistence  Department 
R.  U .  Goode . 

C. H.  Fitch . 

Goldberg.  Bowen  &  Co . 

Truman,  Isham  &  Hooker 

A.  H.  Thompson . 

Pay-roll  (H.  S.  Wallace) . 

Pliny  V.  S.  Bartlett . 

D.  W.  Spence . 

Pay-roll  (C.H.  Fitch) . 

E.  C.  Ryan . 

. do . 

A.  T.  Kyle,  jr . 

. do . . 

. do . 

Mark  B.  Kerr . 

George  W.  McKee . 

Eugene  Ricksecker . 

H.  M.  Wilson . 

R.  H.  Chapman . 

. do . 

Arthur  P.  Davis . 

J.  S.  Diller . 

. do . 

Leonard  H.Swett . 

Pay-roll  (J.  S.  Diller) . 

A.  F.  Dunnington . 

Redick  H.  McKee . 

R.  H.  Chapman . 

E.  J.  Post  &  Co . 

L.  B.  Putney . 

Goldberg,  Bowen  &  Co . 

Pay-roll  (A.  P.  Davis) . 

Pay-roll  (E.  M.  Douglas) . 

Pay-roll  (H.M.  Wilson)  . 

Mark  B.  Kerr . 

E.M.  Douglas . 

Mandel  Bros.  &  Co . 

H.  S.  Wallace . 

William  Fernald . 

R.  U.  Goode . 

Pay-roll  (R.  U.  Goode) . 

C.H.  Fitch . 


Traveling  expenses  . . 

. do . 

. do . 

. do . 

Field  expenses . 

. do . 

. do . 

Traveling  expenses  . . 

. do . 

Field  expenses . 

Field  supplies . 

Repairs,  etc . 

Field  subsistence,  etc 
Field  material  ....... 

Traveling  expenses  . . 

Expressage . 

Subsistence,  etc . 

Repairs,  etc . 

Field  expenses . 

Field  supplies . 

Field  subsistence,  etc 

Field  expenses . 

. do . 

Field  subsistence  .  . 
Field  materku,  etc. . . 
Traveling  expenses . . 

Field  expenses . 

Field  subsistence,  etc 
Field  supplies, etc. . . 

Field  supplies . 

Field  material . 

Field  supplies . 

Field  material  . 

Traveling  expenses  . 

Field  expenses . 

Field  supplies . 

Field  subsistence .... 

Field  expenses . 

. do . 

Field  subsistence.... 
Two  buckboards  .... 
Services,  July,  1887  . . 

. do . 

. do . 

. do . 

. do . 

Board  and  lodging  . . . 
Services,  July,  1887  . . . 

Pasturage  . . . 

Services,  July,  1887  . . . 

Storage  . 

Services,  July,  1887  . . . 

Board  and  lodging _ 

Field  expenses . 

. do . 

. do . 

Traveling  expenses. . . 

Field  expenses . 

. do . 

Traveling  expenses . . . 

. do . 

Services,  July,  1887  . . . 

Field  expenses . 

. do . 

. do . 

Field  supplies . 

Field  subsistence . 

. do . 

Services,  July,  1887  . . . 

. do . 

. do . 

Traveling  expenses  . . 

Field  expenses . 

Field  supplies . 

Field  expenses . 

Field  supplies . 

Field  expenses . 

Services, July,  1887  ... 
Field  expenses . 


Amount. 


$40.85 
19. 95 

20. 85 

90. 80 
154. 55 

92.21 

82.70 
82. 45 
41.75 

209. 41 

29.35 
26.00 
26.43 
97. 27 

147.  35 

60. 50 
86. 10 

36.80 
16.00 

10.70 

10.90 

44.25 

11.25 
7.45 

16.65 

65. 30 

61.30 
252. 93 

19.  50 

68.85 
170. 00 

63. 40 
87. 00 

30.90 

22.90 

38.50 
71.02 

58.22 
90.  63 

74.35 
140. 00 
227. 40 
225.  61 

14.51 
20. 97 

274. 16 
26.00 
60. 00 
18. 77 
13. 55 
1.93 
151.60 
25.00 
388. 65 

36.65 

34.85 
22. 00 
64.48 

113.87 

75. 25 
28. 50 

199. 99 
53. 20 

66. 30 

31.88 

65.72 
158. 31 

85. 63 
701.85 
6.59. 45 
647. 77 

44.72 

71.89 
45. 29 
74. 01 

14.25 
80. 37 

301.00 
55. 7'8 
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Abstract  of  disbursements  made  by  Mark  B.  Kerr,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 

99 

McMillan  &  McLellan . 

Field  material  . .  . 

$86. 00 

8 

100 

John  H.  Hughes . 

. do . 

22.25 

8 

101 

H.M.  Wilson . 

Field  expenses . 

92. 85 

9 

102 

A.  P.  Dunnington . 

. do  r . 

27. 15 

9 

103 

Redick  H .  McKee . 

. do . 

26.27 

July  31 

104 

Pay-roll  (F.  J.  Knight) . 

Services,  July,  1887  . 

396. 42 

Auer.  10 

105 

Paid  Holman . 

. do . 

70.80 

13 

106 

E.  J.  Post  &  Co . 

Field  supplies . 

92.58 

13 

107 

Darby,  Can then  &  Co . 

. do . 

21. 10 

13 

108 

Fred.  J.  Knight. . . 

Field  expenses  . . 

91  27 

15 

109 

J.M.  Coleman . 

Field  supplies . 

6.85 

13 

110 

H.  M.  Wilson . 

Field  expenses . 

60.90 

15 

111 

I.  W.  Denton . 

Field  material . 

66.50 

15 

112 

L.  B.  Putney . 

. do . 

138. 19 

15 

113 

. do ....  ~ . 

Field  subsistence,  etc . 

95. 31 

15 

114 

Owen  W.  Thomas,  jr . 

Services,  July,  1887  . 

50.00 

15 

115 

Chas.  W.  Howell . 

. do . ~ . 

60.00 

15 

116 

Frank  Tweedy . 

Field  expenses . 

10. 50 

15 

117 

C.  E.  Mininger . 

. do . 

4.00 

15 

118 

N.  C.  Massey . 

Board  and  lodging . 

4. 51 

15 

119 

F.  E.  Short  &  Co . 

Forage . 

34.30 

15 

120 

Sullivan  B.  Newton . 

Field  material . 

80.00 

15 

121 

C.  D.  Rice . 

Field  expenses . 

6.  50 

15 

122 

W.  S.  Moore . 

Field  material . 

65  00 

15 

123 

Frank  Jarvis . 

Services,  July,  1887 . 

16.00 

15 

124 

A.  H.  Thompson . 

Field  expenses . 

21  01 

20 

125 

. do . 

Traveling  expenses . 

152. 90 

20 

126 

C.  P.  Rock . 

Services,  July,  1887. 

39  19 

22 

127 

W.  W.  McCullough . 

Field  subsistence,  etc . 

21.66 

22 

128 

A.  F.  Dunnington . 

Field  expenses . 

39  01 

22 

129 

L.  B.  Putney  . . 

Forage . 

22. 52 

22 

130 

R.  U.  Goode'  . 

Field  expenses . 

51.00 

22 

131 

. do . 

. do . 

48  53 

22 

132 

E.  M.  Douglas . 

. do . 

52  02 

22 

133 

Frank  E.  Gore . . . 

27  45 

22 

134 

H.  M.  Wilson . 

58. 91 

23 

135 

J.  Judell . 

Field  material 

92  50 

'  24 

136 

A.  Lam  me  &  Co . 

Field  subsistence . 

46  91 

25 

137 

A.  F.  Dunnington . 

Field  expenses . 

46  85 

25 

138 

R.  H.  McKee  “ . 

. do.! . 

34  85 

31 

139 

Pay-roll  (H.  S.  Wallace) . 

Services,  August,  1887 . 

332  90 

31 

140 

Pay-roll  (R.  U.  Goode) . 

. do . 

337  40 

31 

141 

Pay-roll  (C.  H.  Fitch)! . 

314  80 

31 

142 

Pay-roll  (F.  J.  Knight . 

. do . 

429  00 

31 

143 

Pay-roll  (Frank  Tweedy) . 

. do . 

344  80 

31 

144 

Pay-roll  (E.  M.  Douglas) . 

. do . 

413  50 

31 

145 

Pay-roll  (A.  P.  Davis). . ! . 

582  30 

31 

146 

Arthur  P.  Davis . 

Field  expenses . 

110  78 

31 

147 

Pay-roll  <H.  M.  Wilson) . 

Services,  August,  1887 . 

309  50 

31 

148 

Eugene  Ricksecker . 

Services  and  field  expenses 

454  65 

31 

149 

Pay-roll  (Eugene  Ricksecker) . 

Services,  August,  1887. . . . 

289  80 

31 

150 

Pay-roll  (A.  F.  Dunnington) . 

185  00 

31 

151 

Ah  Ping  (Chinese  cook) _ _ _ _ _ 

31  00 

31 

152 

E.  C.  Ryan . 

00  00 

31 

153 

. do". . 

Field  expenses  . . 

37  77 

31 

154 

D. W.  Spence . 

Services,  August,  1887 

50  00 

31 

155 

C.  H.  Fitch . 

Field  expenses  . . 

25  50 

31 

156 

Harry  J.  Montgomery . 

Services,  August,  1887 

7  50 

31 

157 

John  Black  . . .  . ”. . 

77  42 

31 

158 

H.  S.  Wallace . 

Field  expenses . 

49  35 

31 

159 

E.  M.  Hasbrouck . 

24  90 

31 

160 

John  H.  Hughes . 

Field  supplies . 

31  85 

31 

161 

George  W.  McKee . 

Board  and  lodging . 

19  35 

31 

162 

A.  H.  Thompson . r 

Services,  August,  1887  . , 

227  40 

31 

163 

Mark  B.  Kerr  . 

. do . 

151  60 

31 

164 

Redick  H.  McKee . 

Field  expenses . 

33  14 

31 

165 

A.  F.  Dunnington  . 

. do . 

31  04 

31 

166 

Pay-roll  (J.  srDiller) . 

Services,  August,  1887. . . 

29)  60 

31 

167 

Pay-roll  (McKee)  . . ! . 

. do . r . 

326  10 

Sept.  0 

168 

Redick  H.  McKee . 

Field  expenses . 

34  37 

6 

169 

Arthur  Watts . 

Services,  August,  1887 . 

75  00 

6 

170 

Frank  E.  Gore . 

Field  expenses . 

19  55 

0 

171 

James  T.  Jones . 

Services,  August,  1887. . 

16  13 

0 

172 

C.  H.  Fitch . 

Field  expenses  . . 

27  60 

7 

173 

A.  T.  Kyle,  jr . 

Herding,  August,  1887  . , 

7 

174 

. do~ _ ", . 

Storage,  August,  1887 

5  00 

7 

175 

. do . 

Pasture,  August,  1887 

s'  45 

7 

176 

Redick  H.  McKee . 

Field  expenses . 

28  ’  57 

4 

177 

A.  F.  Dunnington  . . 

37  64 

7 

178 

Frank  Tweedy . 

14.35 

McCHESNEY.] 
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Abstract  of  disbursements  made  by  Mark  B.  Kerr,  etc—  Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

1887. 

Sept.  -  7 

179 

E.  M.  Douglas . 

Field  expenses 

10 

180 

Thomas  M.  Chatard . 

Services,  July,  1887. . . 

12 

181 

G.  Huston . 

1  mule . 

12 

182 

J.  F.  and  J.  Nutt . 

Field  subsistence 

12 

183 

R.  U.  Goode . 

Field  expenses .  . 

12 

184 

13 

185 

A.  F.  Dunnington . 

13 

186 

E.  J.  Tost  &  Co . 

Field  supplies . 

13 

187 

. do . 

. do . 

15 

188 

Pay-roll  (A.  P.  Davis) . 

Services,  August,  1887  . 

15 

189 

Redick  H.  McKee . 

Field  expenses . 

15 

190 

John  S.  Staniels . 

Board  and  lodging  . 

17 

191 

A.  H.  Thompson . 

Traveling  expenses . 

17 

192 

J.  A.  Wilson* . 

Field  material . 

19 

193 

H.  M  Wilson . 

Field  expenses . 

19 

194 

R.  H.  Chapman . 

. do . 

19 

195 

Joseph  Banks . 

Services,  August,  1887  . 

19 

196 

C.  H.  Fitch  . 

Field  expenses.  . 

20 

197 

A.  Grumfeld . 

Field  supplies . 

21 

198 

Redick  H.  McKee . 

Field  expenses . 

21 

199 

A.  F.  Dunnington . 

. do . 

21 

200 

E.  J.  Post  &  Co . 

Field  supplies . 

23 

201 

A.  Lietz  &  Co . 

Repairs,  etc . 

23 

202 

C.  Beach . 

Field  supplies . 

27 

203 

A.  F.  Dunnington . 

Field  expenses . 

30 

204 

Pay-roll  (R.  W.  Goode) . 

Services,  September,  1887  . . 

30 

205 

Pay  roll  (C.  H.  Fitch) . 

30 

206 

Pay-roll  (R.  H.  Chapman) . 

. do . 

30 

207 

Pay-roll  (Frank  Tweedy) . 

. do . 

30 

208 

Pay-roll  i  K.  M.  Douglas) . 

30 

209 

Pay-roll  (F.  J.  Knight) . 

. do . 

30 

210 

Pay-roll  (Eugene  Ricksecker)  .... 

. do . 

30 

211 

. do . 

30 

212 

Pay-roll  (H.  M.  Wilson) . 

. do . 

30 

213 

Pay-roll  (A.  F.  Dunnington) . 

. do . 

30 

214 

Pay-roll  (R.  H.  McKee) . 

. do . 

30 

215 

Ferdinand  McCann . 

. do . 

30 

216 

George  W.  McKee . 

Board  and  lodging . 

30 

217 

R  U.  Goode . 

Field  expenses . 

30 

218 

. do . 

. do . 

30 

210 

D  W.  Spence . 

Services,  September,  1887  . 

30 

220 

. do* . 

Board  and  lodging,  August,  1887  . . . 

30 

221 

C  H  Fitch  . 

Field  expenses  . 

30 

222 

K  M.  Douglas . 

. do  * . 

30 

223 

Zellhoefer  &  Noedel . 

Field  subsistence,  etc . 

30 

224 

A.  W  Cleland . 

Field  subsistence . 

30 

. do . 

30 

226 

Pay-roll  (A.  P.  Davis) . 

Services,  September,  1887 . 

30 

227 

Redick  H.  McKee . 

Field  expenses . . 

30 

228 

Mark  B.  Kerr . 

Services*  September,  1887 . 

Amount. 


§46. 6? 

164.80 
100. 00 

39.70 
51.35 
50. 25 
18.  90 
16.75 

36.65 
220. 00 

14.05 
45.00 
97.90 
56. 00 
137. 15 
26.05 

31.50 

64. 65 
9.24 

37. 32 

51.28 
11.95 
42.00 
37.39 

54.20 

330. 20 

360. 40 
226. 60 

340. 40 
364. 66 

400. 50 
306. 99 

329. 20 

305. 20 
215.00 

277. 80 

22.50 
25.00 

65.65 
40.15 
50.00 
31.00 
23. 05 

35.50 
33. 47 

61.28 
42. 10 

566. 80 
21.18 

146. 80 


22, 982. 93 


Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  third  quarter  of  1887. 


1887. 

-July  13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
15 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Louis  Nell 
M.  Hacket 
Lewis  J.  Battle 
W.  L.  Miller 

R. Lee  Longstreet 
A.E.  Murlin 

Crawford  &  Fields . 

Baker  &  Hall  . 

Southern  Express  Company 

W.  C.  Edwards . 

M.  Hackett . 

L.  C.  Fletcher 
J. A. Stover  . 

S.  H.  Dent,  jr 
R.  H.  Jones  &  Sons 
St.  James  Hotel . . . 

W.  S.  Hays . 

R.  M.Towson . 


Traveling  expenses . 

do . 

do . 

do . 

do . 

do . 

Forage  of  stock . 

Storage  and  supplies . 

Transportation  of  property 
Repairs  on  field  material  .  . 
Miscellaneous  field  expenses 

do . 

Material  and  supplies . 

Traveling  expenses . 

Repairs  on  field  material . . . 

Subsistence . 

Field  material . 

Traveling  expenses . 


$36. 50 
12.25 
17.45 
18.00 
4.05 

36.70 
22.80 

7.85 

12.25 
5.20 

41.85 
108. 73 
109.75 
10.60 
52, 65 

31.25 

32. 70 
14.20 


9  GEOL - 11 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
July  15 
15 

19 

R.  McC.  Michler . 

Traveling  expenses . 

$'35.  CIO 

20 

R.  B.  Cameron . 

. do . 

'27. 95 

15 

15 

21 

Charles  M .  Y eates . 

. do . 

25. 45 

22 

John  W.  Emmert . 

. do . 

5.85 

15 

23 

Gaston  Brown  . 

. do . 

7.05 

16 

24 

A.  E.  Wilson . 

. do . 

12.55 

16 

L.  D.  Brent . 

Miscellaneous  field  expenses . 

29.80 

16 

26 

R.  McC.  Michler . 

. do . ? . 

5.83 

16 

27 

A.  J.  Curd  . 

Miscellaneous  field  supplies . 

119. 31 

18 

28 

V.  Schoonmaker . 

Field  material . 

150.00 

18 

29 

L.  C.  Fletcher . 

Miscellaneous  field  expenses . 

71.19 

18 

30 

Charles  M.  Yeates . 

. do . * . 

49. 85 

18 

31 

N.  A.  Poole . 

Subsistence  and  supplies . 

32.09 

18 

32 

E.  C.  Barnard . 

Miscellaneous  field  expenses . 

67.23 

18 

33 

. do . 

Traveling  expenses . 

10.25 

18 

34 

J.  E.  Kleindrist . . 

. do .  r. . . .  ? . 

2.10 

20 

35 

N.  B.  Dunn . 

Forage  of  stock  and  expenses . 

118.40 

21 

36 

L.  C.  Fletcher . 

Miscellaneous  field  expenses . 

37. 15 

21 

37 

. do . 

. do . 

43. 53 

22 

38 

W.  S.  Hays . 

Field  material . 

38.50 

23 

'  39 

. do . 

. do . 

42. 50 

25 

40 

R.  H.  Hooe . 

Services,  July  1  to  9,  1  87,  inclusive. 

14.67 

25 

41 

Gilbert  Thompson . 

Traveling  expenses . 

36  15 

25 

42 

E.  C.  Barnard . 

Miscellaneous  field  expenses . 

57.27 

25 

43 

W.  S.  Hays . 

Field  material . 

35  00 

26 

44 

Charles  M .  Y eates  . 

Miscellaneous  field  expenses . 

66.22 

31 

J.  W.  Hays . 

Services,  July,  1887 . 

101  10 

30 

46 

R.  Lee  Longstreet . 

84.20 

31 

47 

P.  H.  Christie . 

. do . 

151  60 

30 

48 

Pay-roll  (Hackett) . 

....  do . 

339. 17 

30 

49 

Pay-roll  (Barnard) . 

. do . 

331  24 

30 

50 

R.  Lee  Longstreet . 

Traveling  expenses . 

9. 60 

30 

51 

Pay-roll  (Fletcher) . 

Services,  July,  1887 . 

429  77 

30 

52 

Pay-roll  (Nell) . 

. do . 

528. 48 

30 

53 

Pay-roll  (Yeates) . . . 

. do . 

585.14 

30 

54 

V.  T.  Carmichael . 

17.74 

31 

55 

W.G.  Cleland . 

. do . 

17.74 

31 

56 

John  W.  Carter . 

. do . 

20. 96 

31 

57 

W  T.  Griswold . 

. do . 

151  60 

30 

58 

V.  Schoomaker . 

Field  material  . . 

178  00 

30 

59 

Louis  Nell . 

Miscellaneous  field  expenses . 

37.50 

30 

60 

. do . 

. do . 

89  10 

30 

61 

W.  F.  Fling . 

Forage  of  stock . 

7.80 

30 

62 

Charles  E.  Cooke . 

Traveling  expenses . 

28.42- 

30 

63 

George  E.  Kennedy  &  Son . 

Subsistence  supplies . 

164. 86 

30 

64 

Pay-roll . 

Services,  July,  1887 

636  47 

Aug.  5 

65 

Morris  Bien . 

Miscellaneous  field  expenses . 

49.25 

66 

. do . 

. do . 

255. 37 
71  95 

5 

67 

Charles  M.  Yeates . 

. do . 

6 

68 

E.  C.  Barnard . 

. do . 

86  48 

6 

69 

J.  W.  Hays . 

. do . 

9 

70 

M.  Hackett . 

. do . 

125  46 

10 

71 

L.C.  Fletcher . 

Traveling  expenses . 

8  50 

10 

72 

73 

Henry  W.  Carpenter . 

. do . * . 

10 

L.C.  Fletcher . 

Miscellaneous  field  expenses. . 

41.25 
50  18 

10 

74 

. do . 

10 

75 

P.  H.  Christie . 

Traveling  expenses  . . 

53. 80 
76.36 

13 

76 

Charles  M.  Yeates . 

Miscellaneous  field  expenses . 

13 

77 

L.  C.  Fletcher . 

70.43 

15 

78 

79 

P.  H.  Christie . 

. do . 

77  84 

15 

R.  Lee  Longstreet . 

. do . 

26  47 

16 

80 

W.  T.  Griswold . 

16  35 

16 

81 

. do . 

Traveling  expenses . 

40  10 

18 

82 

S.  J.  Haislett . 

Field  material . 

70  00 

18 

83 

Louis  Nell . 

Miscellaneous  field  expenses  . . 

37. 15 
140. 90 
65  68 

18 

84 

. do . 

19 

85 

E.  C.  Barnard . 

19 

86 

Morris  Bien . 

196  15 

20 

87 

L.C.  Fletcher . 

49  00 

31 

88 

. do . 

72  H 

31 

89 

Pay-roll . 

Services,  August,  1887 

596. 60 
355. 30 
541  40 

31 

90 

_ .  do .  . 

31 

91 

. do . 

31 

92 

. do . 

351  90 

31 

93 

W.  T.  Griswold . 

151  60 

31 

94 

J.  W.  Hays . 

101  10 

31 

95 

R.  Lee  Longstreet . 

...  .do . 

84  20 

31 

96 

P.  H.  Christie . 

151  60 

31 

97 

Pay-roll . 

441.40 

McCHESNEY.] 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  etc—  Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

1887. 
Aug.  31 
31 

98 

J.  W.  Hays . 

99 

Louis  Nell . 

. do . 

31 

100 

R.  Lee  Longstreet . 

31 

101 

Charles  M.  Yeates . 

31 

102 

W.  T.  Griswold . 

31 

103 

Gilbert  Thompson . 

Traveling  expenses  . . 

31 

104 

. do . 

31 

105 

L.  C.  Fletcher . 

31 

106 

W.  G.  Cleland . 

Services.  August,  1  to  31  1887 

31 

107 

John  W.  Carter . 

31 

108 

V.  T.  Carmichael . 

31 

109 

F.  P.  Fitzwilliam  . 

Services,  August  23  to  31,  1887,  in- 

31 

110 

Pay-roll . 

elusive. 

Services,  August  1887 

Sept.  5 

6 

111 

Morris  Bien . 

112 

. do . 

. do . 

113 

D.  C.  Harrison . 

Traveling  expenses 

114 

M.  Hackett . 

Miscellaneous  field  expenses 

8 

115 

Charles  M.  Yeates . 

. do .  : 

8 

116 

Louis  Nell . . 

8 

117 

9 

118 

L.  C.  Fletcher . 

. do . 

9 

119 

E.  G.  Barnard . 

10 

120 

J.  W.  Hays . 

Traveling  expenses  . 

10 

121 

L.  C.  Fletcher . 

Miscellaneous  field  expenses 

Aug.  31 
Sept.  13 
15 

122 

W.F.  Fling . 

Forage  of  stock  . . . 

123 

L.  C.  Fletcher . 

Miscellaneous  field  expenses 

124 

R.  O.  Gordon . 

Traveling  expenses . . 

17 

125 

Louis  Nell . 

Miscellaneous  field  expenses 

17 

126 

22 

127 

Morris  Bien .  . 

23 

128 

. do . 

23 

129 

R.  Lee  Longstreet . 

. do . 

24 

130 

J.  W.  Hays' . 

24 

131 

E.  O.  Barnard . 

24 

132 

S.  H.  Dent,  jr . 

Traveling  expenses  . . 

24 

133 

Gilbert  Thompson . 

26 

134 

L.  C.  Fletcher .  . 

Miscellaneous  field  expenses  . 

27 

135 

Charies  M.  Yeates . 

. do . t 

30 

136 

R.  C.  McKinney . 

Services,  September,  1887 . . . 

30 

137 

P.  H.  Christie  " . 

30 

138 

W.  T.  Griswold . 

30 

139 

R.  Lee  Longstreet . 

. do . 

140 

Pay-roll  . . 

. do . 

141 

. do . 

142 

. . do . 

.  do . 

143 

. do . 

144 

. do . 

. do . 

145 

. do . 

30 

146 

D.  C.  Harrison . 

Miscellaneous  field  expenses 

30 

147 

J.  W.  Hays . 

Services,  September,  1887... 

30 

148 

Desha  Breckinridge . 

Traveling  expenses . 

30 

149 

. do . " . 

Services,  September  1  to  10, 1887,  in- 

30 

150 

Robert  Breckenridge . 

elusive. 

. do . 

30 

151 

E.  S.  Bodenheimer" . 

Services,  September  1  to  30, 1887,  in- 

30 

30 

30 

30 

30 

152 

F.  P.  Fitzwilliam. . 

elusive. 

. do . 

153 

W  G  Cleland 

. do . 

154 

John  W.  Carter . 

. do . 

. do . 

156 

R.  O.  Gordon . 

Miscellaneous  field  expenses . 

30 

30 

30 

157 

. do . . . 

•158 

. do . 

159 

D.  C.  Harrison . 

Services,  September  1  to  30,  1887  . .  . 

30 

160 

L  C.  Fletcher . 

Miscellaneous  field  expenses . 

30 

30 

30 

30 

30 

30 

161 

W  F  Fling 

Forage  of  stock . 

162 

Traveling  expenses . 

163 

R  C  McKinney.  ~ . 

Miscellaneous  field  expenses . 

164 

. do . ? . 

165 

166 

. do . 

. do . 

Amount. 


8139. 18 
122. 50 
33.32 
174. 45 

43. 20 

83. 66 

38.40 
54. 36 
25. 00 
25.00 
25.00 

7.25 

655. 20 
83. 38 

150. 47 

25. 40 
159.31 

111.92 

24. 60 

96. 70 
48.00 

119.70 
19. 00 

89.70 
4.00 

59.70 
13. 85 
69.95 

38.75 

127. 60 

39. 20 

54. 69 

79. 75 

123. 60 
9.90 

46. 25 

119.92 
266. 07 

97. 80 

146. 80 

146. 80 

81.60 

432. 20 

586. 80 

340. 20 

349. 40 

532. 20 
344. 00 

10.10 

97.80 

28.60 

16.66 

16.66 

12.00 

25.00 
25.00 
25.00 
25.00 
63. 13 

40.70 

149.70 

97.80 
66. 78 

4.00 

32.75 

8.88 

31.  13 
38. 10 
49. 74 


17,491.50 
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Abstract  of  disbursements  made  by  Arnold  Hague ,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  third  quarter  of  1887. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

1887. 
Aug.  6 

.  1 

6 

2 

29 

3 

29 

4 

29 

5 

Sept.  1 

6 

1 

7 

5 

8 

Aug.  30 

9 

Sept.  10 

10 

30 

11 

30 

12 

30 

13 

To  whom  paid. 


For  what  paid. 


George  W.  Wakefield . 

John  Boyle  ! . 

Eimer  &  Amend . 

E.  and  H.  T.  Anthony  &  Co . 

Northern  Pacific  Express  Com¬ 
pany. 

Anton  Karl  . 

E.  H.  Shuster . 

A.  Lamme  &  Co . 

Pay-roll  of  employes  . 

George  H.  Arnholt . 

Babcock  &  Miles . 

Arnold  Hague . . 

R.  T.  Smith . 


Animals . 

Tents . 

Laboratory  material . 

Photographic  material .  . 
Expressage . 

Traveling  expenses . 

. do . 

Field  subsistence . 

Salaries,  July  and  August 

Services . 

Field  material . 

Traveling  expenses . 

Field  material . 


Amount. 


$450. 00 
48.20 
17.15 
17.82 
04.00 


26.75 
33. 93 

245. 30 
2,464,53 
15. 00 
8.75 

13.75 
35.90 


3,441.08 


Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr.,  special  disbursing  agent, 
U.  S.  Geological  Survey,  during  the  third  quarter  of  1887. 


Aug. 


1887. 
July  20 
20 
20 
20 
20 
23 

25 

26 

27 

28 
28 
29 
29 

29 

30 
1 
1 

July  31 
Aug.  1 
1 
3 
3 
5 
8 
8 
9 
11 
11 
11 

17 

18 
18 
23 

30 

31 
31 
31 
31 
31 

Sept.  7 


9 

9 

12 

15 

15 

21 

23 

24 
24 
26 
27' 
27 
30 
30 


1 

H.  L.  Smyth . 

Traveling  expenses . 

2 

. do . 

Field  expenses . 

3 

C.  L  Whittle . 

Traveling  expenses  . . 

4 

. do . 

Incidental  expenses . 

5 

F.  E.  Swift . 

Board  bill  to  July  19,  1887'. . , 

6 

T.  >  elson  Dale . 

Traveling  expenses . 

7 

H.  L.  Smyth . 

8 

J.  H.  Flagg  .  . 

Team  hire . 

9 

Lewis  Brown,  postmaster . 

Post-office  box  rent . 

10 

W.  R.  Smyth . 

Traveling  expenses  . . . 

11 

James  McCormick . 

12 

Edward  Stabe . 

13 

H.  L.  Smyth . 

Field  expenses . 

14 

Library  Bureau . 

3,000  catalogue  cards . 

15 

William  H.  Hobbs . 

Traveling  expenses  . . . 

16 

Raphael  Pumpelly . 

Pay  for  July*  1887 . 

17 

A.  O.  D.  Taylor,  jr . 

18 

Pay-roll . 

. do . 

19 

T.  Nelson  Dale . 

Pay  for  July,  1887 . 

20 

A.  Prescott  Baker  . 

Rent  for  July,  1887. . . 

21 

J.  Eliot  Wolff . 

Pay  for  July,  1887 . 

22 

C.L.  Whittle . 

23 

Raphael  Pumpelly . 

Traveling  expenses .... 

24 

T.  Nelson  Dale . 

25 

William  H.  Hobbs . 

. do . 

26 

. do . 

Pay  for  July,  1887. . 

27 

H.  L.  Smyth . 

Traveling  expenses . 

28 

29 

. do . 

Board  expenses  of  party 

30 

Field  expenses . * 

31 

T.  Nelson  Dale . 

Traveling  expenses  . . . 

32 

. do . 

Four  packing  boxes . . . 

33 

Raphael  Pumpelly . 

Traveling  expenses . 

34 

J.  Eliot  Wolff.*. . . " . 

35 

Raphael  Pumpelly . 

Pay  for  August,  1887 . 

36 

J.  Eliot  Wolff  . 

37 

T.  Nelson  Dale . 

38 

William  H.  Hobbs . 

39 

Pay-roll  . 

August,  1887  . 

40 

A.  O.  D.  Taylor,  jr . 

Pay  for  August,  1887  . . 

41 

T.  Nelson  Dale.  . 

Travel  ng  expenses . 

42 

C.L.  Whittle . 

Pay  for  August,  1887  . . 

43 

S.  Prescott  Baker . 

Rent  for  August,  1887  . 

44 

T.  Nelson  Dale . 

Traveling  expenses . 

45 

46 

Edward  Stabe . 

Pay  for  September,  1887  . . 

47 

. do . 

Traveling  expenses . 

48 

T.  Nelson  Dale . 

49 

J.  Eliot  Wolff . 

50 

William  H.  Hobbs . 

51 

Ben.  K.  Emerson . 

Field  expenses . 

52 

Raphael  Pumpelly . 

Traveling  expenses . 

53 

H.  L.  Smyth  . 

Field  expenses . 

54 

. do  . 

55 

William  II.  Hobbs . 

56 

II.  L.  Smyth . 

Field  subsistence . 

$9. 

5. 

51. 
9. 

44. 

11. 

10. 

21. 

5. 

7. 

4. 

5. 
24. 

7. 

23. 
337. 
101. 
137. 
150. 

50. 

101. 

50. 

190. 

20. 

20. 

50. 

7. 

8. 
46. 

24. 
8. 
1. 

24. 

58. 

337. 

88. 

150. 

50. 

214. 

101. 

34. 

50. 

50. 

36. 
22. 
23. 

5. 
13. 
66. 

52. 

6. 
39. 
44. 

37. 
6. 

37. 


33 

25 

93 

95 
50 
25 

96 
50 
00 
57 

73 

95 
42 
80 
86 
00 
10 
40 
00 
00 
10 
00 
76 

74 
78 
00 
30 
23 
16 
46 
89 
25 
30 
25 
00 
04 
00 
00 
20 
10 
84 
00 
00 

49 
53 

33 
55 

96 
38 

34 
00 

50 
08 
98 
87 
66 
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Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr. ,  etc.— Continued 


Date 
of  pay¬ 
ment. 

N  o .  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Sept.  30 
30 

57 

58 

Raphael  Pumpelly . 

J.  Eliot  Wolff . 

Pay  for  September,  1887  . 

. do . 

$326. 00 
55. 43 

30 

59 

T.  Nelson  Dale . 

. do . 

150. 00 

30 

60 

A.  O.  D.  Taylor,  jr . 

. do . 

97.80 

30 

61 

C.  L.  Whittle . 

. do . 

50.00 

30 

62 

William  H.  Hobbs . 

. do . 

50. 00 

30 

63 

Pay-roll . 

Services,  September,  1887 . 

161.60 

30 

64 

A.  Prescott  Baker  . 

Rent  for  September,  1887 . 

50. 00 

30 

65 

Henry  Bull,  jr . 

Telephone  rent . 

11.50 

30 

66 

Richard  Bliss . . , 

Bibliographical  work . 

48.90 

30 

67 

J.  F.  Allison . 

Pay  for  September,  1887  . 

38.65 

30 

68 

Raphael  Pumpelly . 

Incidental  expenses . 

36.45 

4, 175. 90 

Abstract  of  disbursements  made  by  Fielding  Burnes,  disbursing  agent,  U.  S.  Geo¬ 
logical  Survey,  during  the  third  quarter  of  1887. 


1887. 
Sept.  30 
30 

1 

J.  H.  Jennings . 

Services.  September,  1887 . 

$81.60 
50. 00 

2 

E.G.  Keuueciy . 

. do. . . .  * . . 

30 

3 

Lawrence  Thompson. . 

. do . 

81.60 

30 

4 

Charles  E.  Bassett . 

. do . 

81.60 

30 

5 

James  Longstreet,  jr. . . 

. do . 

49.00 

30 

6 

William  H.  Lovell . 

. do . 

81.60 

30 

G.  L. Johnson . 

. do . 

50. 00 

30 

8 

E.  B.  Clai'k . 

. do . 

73.40 

30 

9 

W.  E.  Horton. . 

. do . 

50.00 

30 

10 

Robert  D.  Cummin. . 

97.80 

30 

30 

30 

30 

30 

30 

11 

...  do . 

50. 00 

12 

. do . 

60.00 

13 

. do . 

163. 00 

14 

15 

. . . do . 

1,011.20 
89. 01 

Traveling  expenses . 

16 

.  .do  . . 

Maps . 

10.50 

2,080. 31 

Abstract  of  disbursements  made  by  R.  R.  Hawkins,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  third  quarter  of  1887. 


1887. 
July  30 
30 
30 

30 

Aug.  1 
4 
8 
8 
8 
8 
(8 
11 
11 
11 
25 
25 

31 
31 
31 
31 
31 

'  Sept.  2 
3 
3 
3 
3 
7 
9 

14 

15 
15 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Pay-roll . 

Albion  S.  Howe . 

Frank  Rader . 

Charles  McLaren .... 

H.  W.  Turner . 

W.  Lindgren . 

F.  C.  Boyce . 

I.  W.  Denel . 

Main  &  Winchester. . 
S.  Leitz  &  Co . 

H.  L.  Howse . 

Sam.  C.  Partridge. . . 

William  B.Ross . 

A.  Carlisle  &  Co . 

Frank  Barnard  &  Co 
Main  &  Winchester  . 

F.  C.  Boyce . 

I.  W.  Denel . 

Pay-roll . 

Albion  S.  Howe . 

G.  W.  Grannis . 

W.  Lindgren . 

H.  W.  Turner . 

. do . 

Charles  McLaren _ 

Frank  Rader  . 

W.  Lindgren . 

I.  R.  Robinson . 

I.  W.  Denel . 

|  Abner  Doble . 

.  Main  &  Winchester  . 


Services,  July,  1887  . 

. do . 

. . do . 

. do . 

Field  expenditures . 

. do . 

Services,  July,  1887  . 

. do . 

Supplies . 

Repairs . 

Supplies .  . . 

. do . 

Blacksmithing .  ... 

Supplies . 

Fuel . 

Supplies  and  repairs . 

Services,  August,  1887 .. .  . 

. do . 

. do . 

. do . 

Rent  of  rooms . 

Traveling  expenses . 

Field  expenditures . 

Traveling  expenses . 

Services,  August,  1887  . 

. do . 

Field  expenditures . 

Horse . 

Services,  September  1  to  15, 

Supplies  and  repairs . 

. do . 


$591.30 
60.00 
30.00 
65. 00 
48.29 
57.73 
60. 00 
40.00 
29.  25 
12.00 
10.00 
6. 35 
9.00 
21.35 


3.50 
32. 75 
60.00 
40.00 
591. 30 
60. 00 
105. 32 
70. 05 
44.46 
32.95 
65.00 
30. 00 
77.72 
65.  (XI 
20.00 
12. 25 
8.25 
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Abstract  of  disbursements  made  by  R.  R.  Hawkins,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

N  o.  o  f 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Sept.  15 
15 

32 

I.  I.  Vasconcellos . 

Supplies  and  repairs  .... 

§13. 50 
4.45 

33 

H.  L.  Howse  . . 

......  do . .* . 

17 

34 

A.  C.  Klinkner  &  Co . 

Supplies . 

9.60 

35 

Elias  Field . 

Supplies  and  foraging  public  ani¬ 
mals. 

Field  supplies . 

29.60 

17 

36 

H.  W.  Turner . 

23.22 

17 

17 

37 

38 

W.  Lindgren . 

....  do . . . 

Field  expenditures . 

Traveling  expenses . 

54.04 

20.00 

28 

39 

Goldberg,  Bowen  &  Co . 

Field  supplies . 

135.09 

28 

40 

. do . 

. do.?  T . 

73.75 

30 

41 

Charles  McLaren . 

Services,  September,  1887 . 

65.00 

30 

42 

Frank  Rader  . 

. do . 

30. 00 

30 

43 

Pay-roll . 

. do . 

572. 40 

30 

44 

Albion  S.  Howe . 

. do . 

60.00 

30 

45 

F.  C.  Boyce . 

. do . 

60. 00 

30 

46 

R.  R.  Hawkins . 

Cash  expenditures . 

32.20 

3,541.67 

Abstract  of  disbursements  made  by  Alfred  M.  Rogers,  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  third  quarter  of  1887. 


1887. 
July  25 
Aug.  8 

1 

Richard  Beales . 

Field  supplies  and  expenses  . 

§20.00 

20.00 

2 

A.  J.  Bedell . 

Services,  July  24  to  27, 1887,  inclusive. 

July  31 
Aug.  12 
12 

3 

Pay-roll . 

Services,  July,  1887. 

704  22 

4 

W.“H.  Hyatt . 

Field  supplies  and  expanses  . . 

23.00 

5 

John  Murphy  . 

. do  ? . .* . 

12 

6 

J.  H.  Smith . 

Services . 

6.00 

12 

7 

W.  L.  Patten  &  Co . . 

Field  supplies  and  expenses . 

8.00 

12 

8 

Roberts  Hardware  Company _ 

Field  material . 

16.80 

25 

9 

Daniels  &  Fisher . 

Field  supplies . 

31 

10 

Pay-roll . 

Services,  August,  1887. . . 

730. 70 

Sept.  19 
30 

11 

A.  Ganthier  &  Co . 

Services . .  .7. . 

2.25 

12 

Peter  McCourt . 

Rent . 

150. 00 

30 

13 

R.  M.  Davis . 

Photographic  material . 

22.68 

30 

14 

S.  F.  Emmons . 

Pay  . 

1,000. 00 

30 

15 

Chain,  Hardy  &  Co . 

Stationery . 

30 

16 

Denver  Fire  Clay  Company . 

Laboratory  material 

7.00 

30 

17 

W.  H.  Laurence  &  Co . 

Stationery . 

5.64 

30 

18 

Kerstins,  Peters  &  Co . 

Office  supplies . 

3  60 

30 

19 

H.  Z.  Solomon . 

Field  subsistence . 

28.30 

30 

20 

Pay-roll . 

September,  1887 . 

708  60 

30 

21 

Sam.  P.  Barbee . 

Rent,  etc . 

161.30 

30 

22 

E.  H.  Hill . 

Ranching  stock  and  field  supplies  . . 

76.00 

30 

23 

S.  F.  Emmons . 

Traveling  expenses . 

30 

24 

Denver  and  Rio  Grande  Railroad 

Transportation  of  property . 

108.27 

30 

25 

Company. 

S.  F.  Emmons  . 

Traveling  expenses  . . 

119. 01 
14. 05 

30 

26 

Denver  and  Rio  Grande  Railroad 

Transportation  of  property . 

30 

27 

Express. 

John  Moncrieff . 

Services . 

1.00 

30 

28 

Dan  Phillips . 

20  70 

30 

29 

Western  Union  Telegraph  Com- 

Correspondence . 

.40 

30 

30 

pany. 

Pacific  Express  Company . 

Transportation  of  property  . 

1.25 

30 

31 

R.  W.  Speer,  postmaster  . 

Correspondence . 

2.50 

4, 045. 97 

Abstract  of  disbursements  made  by  Jno  H.  Renshawe,  special  disbursing  agent, 
U.  S.  Geological  Survey,  during  the  third  quarter  of  1887. 


1887 

July  20 
26 

1 

C.  T.  Reid . 

Traveling  expenses . 

2 

D.  A.  Munger . 

Hotel  bill . 

20 

3 

C.  T.  Reid . 

Traveling  expenses . 

26 

4 

William  J.  Peters  . . 

. do _ _ _ * . 

26 

5 

. do . 

. do . 

26 

6 

John  H.  Renshawe . 

. do . 

27 

iy 

H.  L.  Baldwin,  jr . 

. do . 

27 

8 

C.  W.  Hawkins . 

. do . 

27 

9 

William  H.  Herron . 

.  do . 

Aug.  13 

10 

George  Unsell . 

Services,  July  4-31, 1887,  inclusive  TT. 

$6. 25 
40.64 
17.50 
17. 50 

5.25 

12. 25 

81.25 
32. 75 

90. 25 
31.01 


McCHESNEY.] 


THE  HEADS  OF  DIVISIONS. 


167 


Abstract  of  disbursements  made  by  Jno.  H.  Renshawe,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1b87. 
July  27 

11 

H.  L.  Baldwin,  jr . 

Field  expenses . 

$163. 95 
463. 06 

17.40 
16.80 
14.30 
14.55 
52.35 

230.26 
136.42 
156.00 
112.95 
59.53 
76. 50 
6.04 

18. 40 
3.23 

20.97 
101  10 

31 

12 

Pay-roll,. July . 

Services . 

30 

13 

Van  H.  Manning,  jr . 

Traveling  expenses . 

30 

14 

S.  S.  Gannett . 

30 

15 

W.  E.  Lackland . 

30 

16 

Basil  Duke . 

. do . 

30 

17 

George  T.  Hawkins . 

30 

18 

Teller  &  Marghardt . 

Subsistence . 

30 

19 

S.  S.  Gannett . 

Field  expenses . . . 

Aug.  1 

20 

Charles  Hall . 

Freight  charges . . . 

6 

21 

S.  S.  Gannett . 

Field  expenses 

13 

22 

John  H.  Renshawe . 

13 

23 

. do . 

Traveling  expenses 

13 

24 

C.  T.  Reid . 

13 

25 

II.  B.  Blair  . 

13 

26 

J.  A.  Doyle . 

Services . 

13 

27 

Mrs.  I.  P.  Powell  . 

13 

28 

Wi  liam  J.  Peters . 

13 

29 

J.  H.  Hagerty . 

35.00 

13 

30 

William  Ml.  Herron . 

60  60 

13 

31 

Foster  &  Hess . 

Hire  of  horse  and  wagon. . 

31  00 

13 

32 

H.  B.  Blair . 

Field  expenses . . . 

28  35 

13 

33 

H.  L.  Baldwin,  jr . 

103. 89 

25 

34 

S.  S.  Gannett. . .” . 

128. 95 

25 

35 

D.  A.  Munger . 

Hotel  bill . 

88.65 

25 

36 

H.  L.  Baldwin,  jr . 

Field  expenses . 

59.59 

26 

37 

. do . 

28. 10 

July  30 

38 

Basil  Duke . 

Services,  July  1  to  21, 1887  . . 

50  00 

30 

39 

W.  E.  Lackland . 

50.00 

Aug.  27 

40 

Foster  &  Hess . 

Hire  of  horse  and  wagon . 

22.00 

31 

41 

John  H.  Renshawe . 

Services,  August  1-31, 1887  . 

210. 60 

Sept.  1 

42 

William  J.  Peters . 

101. 10 

1 

43 

C.  T.  Reid . 

100. 00 

Aug.  31 
31 

44 

Pay-roll . 

466  40 

45 

....'.  .do . 

Services,  August,  1887  . . 

31 

46 

. do . 

232.90 

Sept.  9 

47 

Van  H.  Manning,  jr . 

Services,  July  1  to  August  81,  1887. . . 

141. 60 

17 

48 

John  II.  Renshawe . 

Traveling  expenses . 

80. 45 

17 

49 

.  do . 

Field  expenses . 

42. 11 

26 

50 

Foster  &  Hess . 

Hire  of  horse  and  wagon . 

44.50 

30 

51 

D.  A.  Munger . 

Hotel  bill . 

84.12 

30 

52 

John  H.  Renshawe . 

Services . 

203. 80 

29 

53 

H.  H.  Lee . 

. do . 

25.00 

4,772.57 

Abstract  of  disbursements  made  by  G.  K.  Gilbert,  disbursing  agent,  U.  S.  Geo¬ 
logical  Survey,  during  the  third  quarter  of  1S87. 


1887. 
July  30 
Aug.  31 
Sept.  30 
30 
30 


G.  K.  Gilbert  . 

. do . 

Services,  Jidy,  1887  . 

Services,  August,  1887  . 

$337. 00 
337. 00 

. do . 

Traveling  expenses . 

27.69 

. do . 

. do . 

. do .  . 

Servic  s,  September,  1887 . 

326. 00 

'  1, 103. 13 

Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  chief  disbursing  clerk, 
U.  S  Geological  Survey,  during  the  fourth  quarter  of  1887. 


1887. 
Oct.  6' 
6 


11 


11 

Tl 

11 


1 

Services,  October  1  to  6, 1887 . 

2 

Traveling  expenses . 

3 

Office  furniture . 

4 

Services,  September,  1887 .  . 

5 

E.  H.  Barbour . 

Services,  July,  August,  and  Septem- 

ber,  1887. 

6 

Services,  September,  1887 . 

. do . 

8 

R.  S.  Tarr . 

$6.77 
15.70 
.50 
570. 94 
400.00 


90.00 

50.00 

50.00 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc. — Continued. 


Date, 
of  pay¬ 
ment. 


1887. 
Oct,  11 
11 
11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

17 

17 

17 

17 

17 

17 

17 

17 

17 

18 
18 

18 

18 

18 


;0 

o 
> 


o 

iz;  ° 


9 

10 

11 

12 

13 

14 
16 
16 

17 

18 

19 

20 
21 
22 

23 

24 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


43 

44 

45 


To  whom  paid. 


For  what  paid. 


Amount. 


N.  S.  Shaler . 

Thomas  C.  Howie . 

Atchison,  Topeka  and  Sante  F6 
Railroad. 

Pennsylvania  Railroad  Company 

F.  A.  Green  &  Co . 

A.  Lamme  &  Co . 

. do . 

ffm.  J.Park  &  Co . 

Ira  Sayles . 

Wyckoff,  Seamans  &  Benedict  . . 

John  F,  Stephenson . 

Charles  Oley . 

. do . . 

C.  R.  Van  Hise . 

W.S.Bayley . 

J.  S.  Newberry . 

National  Press  and  Intelligence 
Company. 

J.  Judell . 

. do . 

Zellhoefer  and  Noedel . 

J.  B.  Block . 

F.  G.  Pratt  &  Co . 

Julius  Baumgarten . 

Old  Colony  Railroad  Company.  . . 
Saint  Joseph  and  Grand  Island 
Railroad. 

Terre  Haute  and  Indianapolis 
Railroad. 

S.  J.  Haislett . 

Great  Falls  Ice  Company . 

M.P.Felch . 

Roland  D.  Irving . 

Nelson  H.  Darton . 

. do . 

Edward  Kubel . 

Mutual  District  Messenger  Com¬ 
pany. 

George  H.  Williams . 

Lee  Lesquereux . 

W.  N.  Merriam . 


Services,  September,  1887  . 

. do . 

Transportation  of  assistants  . 

. di . 

Field  subsistence . 

. do . 

Field  supplies . 

Stationery  and  drawing  material. . . 

Traveling  expenses . 

Remodeling  2  typewriters . 

Freight  charges  and  hauling . 

Services,  September  1  to  20.  1887  . . . 
Services,  September  21  to  28,  1887  . . 

. do . . 

. do . 

Services,  September  1  to  October  3, 
1887. 

Newspaper  clippings . 

Services . 

Field  and  subsistence  supplies . 

1  horse  . 

Field  and  subsistence  supplies . 

Subsistence  supplies . 

Office  furniture . . 

Transportation  of  assistants . 

. do . 

. do . 

1  canvas  cover . 

Ice  for  July,  August,  and  Septem¬ 
ber,  1887. 

Services,  September,  1887 . 

Traveling  expenses . 

. do . 

. do . 

Material  for  repairs  to  instruments. 
Rental  of  night  watch . 

Services,  July  1  to  October  1,  1887. . . 
Services,  August  and  September, 
1887. 

Services,  September,  1887 . . 


$260. 00 
49.83 
73. 50 


35.00 
3. 20 
44.42 
9.81 
12.58 
49. 94 
70. 00 
2.70 
60. 00 
28.00 
80. 00 
60. 00 
322. 75 


9.05 

127. 49 
97. 81 
80.00 
62. 60 
77. 68 
3.00 
21.50 
2. 10 


40.50 

3. 50 
50.77 

190. 00 
163. 29 

89.32 
85.70 

15. 33 
5. 40 


225. 00 
150. 00 

114.20 


19 

19 

19 

20 
20 


20 

20 

20 

20 

20 

20 

20 

21 

21 

21 

21 

22 

22 

24 

24 

25 

25 

26 
26 


26 


26 


26 


46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


Subsistence  Department  U.  S. 
Army. 

Frank  H.  Atkins . 

W.  S.  Bayley . 

W.  H.  Dali  . 

Chicago  and  Alton  Railroad 
Company. 

P.  H.  Bevier . 

W.  H.  Luster,  jr . 

Asher  Atkinson . 

C.  C.  Vermeule . 

Lawrence  C.  Johnson . 

C.  C.  Vermeule . 

Subsistence  Department  U.  S. 
Army. 

Collier  Cobb . 

F.  W.  Bennett . 

P.  D.  Staats .  . 

C.  C.  Jones . 

Henry  Gannett . 

John  McDermott  &  Bros . 

S.  J.  Galbraith . 

. do . 

Gottlieb  Spitzer . 

S.  D.  Howie . 


Subsistence  supplies . 

. do . 

Traveling  expenses . 

. do . 

Transportation  of  assistants . 

Traveling  expenses . 

. do . 

...  do . . 

. do . 

. do . 

Miscellaneous  field  expenses . 

Subsistence  supplies . 

Traveling  expenses . . . . 

. do . . . 

. do . 

. do .  . 

. do . 

Repairs  to  public  wagon . 

Services,  July  19  to  20,  1887 . 

Traveling  expenses . 

Office  furniture  and  repairs . 

Services,  September  1  to  October  11, 


1887. 


J.  E.  Todd . 

Warren  Upham 


Services,  September,  1887  . 

Services,  July  1  to  September  30, 
1887. 


Jos.  Gaujon . . 
W.  M.  York  . . . 
W.  N.  Merriam 


Services,  August  29  to  October  3, 
1887. 

Services,  August  29  to  October  1, 
1887. 

Traveling  expenses . 


51.51 

82.94 
30.80' 
23. 80 

126. 95 

110. 03 
25. 33 
52. 62 

21.95 
92.60 
18. 30 
29.92 


57.41 
92. 06 
41.50 
5.25 
143. 03 
45  00 
5.00 
10. 55 
3.90 
149.03 

40. 00 
300. 00 

72.00 


68.00 


182.97' 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc.— Continued. 


Date. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Oct.  26 

73 

C.  R.  Van  Hise . 

Traveling  expenses  . 

$50. 91 

81.24 
132.  68 

19.  25 
343. 49 

43. 25 
110. 29 

75. 00 
41.00 
97.  80 

26 

74 

L.  C.  Wooster . 

26 

75 

R.  S.  Tarr . 

. do . 

26 

76 

Bailey  Willis . 

26 

77 

N.  S.  Shaler . 

26 

78 

J.  Korber  &  Co . 

Repairs  to  field  material. . 

27 

79 

Bailey  Willis . 

Field  expenses . 

27 

80 

Albert  Williams . 

Services*  July  20  to  August  4, 1887. . . 
Traveling  expenses . 

27 

81 

P.  C.  Warman . 

27 

82 

Atlantic  and  Pacific  Railroad  .... 

Transportation  of  assistants . 

29 

83 

A.  C.  Peale . 

Traveling  expenses . 

110.60 

117.90 

31 

84 

Ira  Sayles . 

Services,  October,  1887 . 

31 

85 

Leo  Lesquereux . 

. do . 

75.00 
151.60 
126. 40 

31 

86 

J.  Henry  Blake . 

. do . 

31 

87 

H.  R.  Geiger . 

. do . 

31 

88 

F.  W.  Geiger . 

. do . 

45. 00 

31 

89 

Sam  H.  Scudder . 

. do . 

210.  GO 

31 

90 

Charles  D.  Walcott . 

. do . 

168. 50 

31 

91 

Lawrence  C.  Johnson . 

. do . 

117. 90 

31 

92 

Robert  T.  Hill . 

. do . 

101. 10 

31 

93 

William  M.  Fontaine . 

. do . 

168. 50 

31 

94 

Roland  D.  Irving . 

. do . 

252. 70 

31 

95 

W.  N.  MerriamV. .  . 

. do . 

117. 90 

31 

96 

W.  S.  Bayley . 

. do . 

60.00 

31 

97 

O.  C.  Marsh . 

. do . 

337. 00 

31 

98 

G.  Baur . 

. do . 

140.00 

31 

99 

F.  Berger . 

. do . 

70.00 

31 

100 

H.  Gibb . 

. do . 

60.00 

31 

101 

L.  P.  Bush . 

. do . 

50.00 

31 

102 

Robert  E.  C.  Stearns . 

. do . 

168. 50 

31 

103 

G.  F.  Becker . 

. do . 

337.00 

31 

104 

Pay-roll  of  employes . 

. do . . . 

2, 200. 20 
3, 211.90 

31 

105 

. do . 

. do . 

31 

106 

. do . 

. do . 

31 

107 

. do . 

. do . 

3, 060. 80 
390  7 

31 

108 

. do . 

. do  . 

31 

109 

George  W.  Shutt . 

. do . 

252. 70 

Nov.  1 

no 

Quartermaster’s  Department,  U. 
S^Army. 

N.  S.  Shaler . 

Forage . 

15.73 

2 

in 

Services,  October,  1887  . 

260  00 

1 

112 

Northern  Pacific  Railroad . 

Transportation  of  assistants  . 

60  00 

1 

113 

Jos.  D.  Weeks . 

Services . 

500  00 

1 

114 

Frank  Leverett . 

Services,  July  1  to  October  13,  1887  . 
Gas,  October,  1887 . 

450  00 

1 

115 

Washington  Gas-Light  Company. 
Arthur  Keith . 

73.26 

2 

116 

Services,  October,  1887  . 

50  00 

2 

117 

. do  . . 

Traveling  expenses . 

21.75 

2 

118 

C.  W.  Hayes . 

Services,  October,  1887 . 

50.00 

2 

119 

James  G.  Bowen . 

Care  and  forage  of  public  animals , . 
Traveling  expenses . 

80.67 

2 

120 

Nelson  H.  Darton . 

45. 25 

2 

121 

. do . 

. do......*.  . 

23.12 

2 

122 

E.  E.  Barnes  . 

Services,  August,  1887  . 

50.  50 

3 

123 

Lottie  M.  Schmidt . 

Services,  October,  1887 . 

52. 00 

3 

124 

Lester  F.  Ward . 

Miscel'aneous  field  expenses . 

105. 92 

3 

125 

. do  . . 

Traveling  expenses . 

57.75 

3 

126 

R.  C.  Jones  . . 

7.25 

3 

127 

W.  S.  Bayley  . . 

Traveling  expenses . 

149.29 

3 

128 

. do . 

83.45 

3 

129 

Joseph  F.  Page . 

Florence  oil-stove  cover . 

3. 00 

4 

130 

Forage . 

26.80 

4 

131 

J.  E.  Todd 

Traveling  expenses . 

205. 29 

4 

132 

F.  AV.  Bennett 

. do  . 

40. 10 

4 

133 

do  . 

28.79 

4 

134 

. do . 

21.26 

3 

135 

John  D.  Black 

. do . 

46.40 

3 

136 

. do . 

28.  60 

5 

137 

John  R.  Proctor . 

Services,  September  1  to  November 
1,  1887. 

Photographic  supplies . 

120. 00 

5 

138 

39.25 

5 

5 

139 

140 

Western  Union  Telegraph  Com¬ 
pany. 

6.94 

Traveling  expenses .  . 

51.81 

7 

141 

142 

143 

144 

145 

41.15 

7 

Denver  and  Rio  Grande  Western 
Railroad. 

40.  60 

7 

Hire  of  transportation . 

429. 00 

7 

Repairs . 

21.00 

7 

August  F„  Foerste . 

Services,  July  15  to  September  30, 
1887. 

75.00 

170 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney ,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


1887. 
Nov.  7 

8 

8 

8' 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 
9 
9 
9 

10 

10 

10 
10 
10 
10 

10 

10 

11 

11 

11 

11 

11 

11 

12 

14 

14 

14 

15 

15 

15 

15 

16 
16 
16 
19 
21 
21 
21 
21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

22 

22 

22 


23 

23 

23 

23 

23 

23 

23 

25 


.  o 
O  3 


To  whom  paid. 


For  what  paid. 


146 

147 

148 

149 

150 


Baltimore  and  Ohio 
Company. 

Summer  &  Morris  . . . 
Zellhoefer  &  Noedel. 

John  B.  Bean . 

Jesse  W.  Lyman . 


Telegraph 


Telegrams 


Field  material . 

Miscellaneous  field  expenses . 

Hire  of  field  transportation . 

Services.  August  2  to  September  17, 
1887 


151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 
169 


Samuel  L.  Penfield . 

C.  R.  Van  Hise . 

William  D.  Heistand . 

Pay-roll  of  employes . 

Ira  Say  Is . 

I.  M.  Buell . 

Tallman  &  McFadden . 

Chicago  and  Alton  Railroad . 

Denver  and  Rio  Grande  Railroad 
Ohio  and  Mississippi  Railway 

E.H.  King . 

Royce  &  Marean 
Fitz  D.  Ermantrout 
E.  Shaw 
Henry  J.  Green 
W.  &  L.  E.  Gurley 
Fred.  A.  Schmidt. 

John  F.  Paret _ 

American  Tool  and  Machine  Corn- 


Services,  July  23  to  October  5, 1887  . 

Services,  October,  1887 . 

Services,  October  17-31,  1887 . 

Services,  October,  1887 . 

Traveling  expenses . 

Services,  July  2  to  September  2, 1887. 
Laboratory  material  and  supplies  . . 

Transportation  of  assistants . 

_  do . 

. do . 

Office  furniture . 

do . 

Traveling  expenses . 

do . 

Instruments  and  repairs . 

do . 

Artists’  material . 

Office  and  field  supplies . 

Laboratory  material . 


170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 

183 

184 


185 

186 

187 

188 

189 

190 

191 

192 

193 


pany. 

W.  N.  Merriam . 

Mutual  District  Messenger  Com¬ 
pany. 

Cooke  &  Co . 

Oregon  and  California  Railroad . . 
Baltimore  and  Potomac  Railroad . 
Chicago,  Milwaukee  and  St. 
Paul  Railroad. 

Eimer  &  Amend . 

James  W.  Queen  &  Co . 

Robert  E.  C.  Stearns . 

George  H.  Williams . 

. do . 

Baltimore  and  Ohio  Railroad 
L.  H.  Schneider’s  Son  . .  . 

David  T.  Day . 

Chicago,  St.  Paul,  Minneapolis 
and  Omaha  Railway. 

Charles  S.  Cudlip . 

Frank  Sutton . 

L.  B.  Putney . 

Adams  Express  Company . 

C.  II.  Kraft . 

H.  R.  Geiger . 

Charles  D.  Walcott . 

Aug.  F.  Foerste . 

Chicago  and  Northwestern  Rail- 


Traveling  expenses . 

Rental  of  night  watch . 

Laboratory  supplies . 

Transportation  of  assistants . 

. do . 

. do . 

Laboratory  material  and  supplies  . . 

Instruments,  etc . 

Traveling  expenses . 

. do . 

Pay,  October  10  to  November  1, 1887. 

Transportation  of  assistants . 

Miscellaneous  field  and  office  sup¬ 
plies. 

Traveling  expenses . 

Transportation  of  assistants . 

Photographic  supplies . 

Services,  October,  1887  . ' 

Forage  for  public  animals . 

Freight  charges . 

Laboratory  supplies . 

Traveling  expenses . 

. do . 

. do .  . 

Transportation  of  assistants . 


road. 


194 

195 

196 

197 

198 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
212 

213 


Burlington  and  Missouri  River 
Railroad  in  Nebraska. 

M.  P.  Felch . 

B.  F.  McCaully  &  Co . 

Baltimore  and  Ohio  Railroad  .... 

George  W.  Knox  . 

Barney  Boberg . 

Harry  Montgomery  . 

Joseph  I.  Clawson . 

Jere  Hatch . . . 

George  Cartuer . 

Frank  Burns . 

A.  C.  Peale . 

Hensel,  Buckmann  &  Lorbaclier. 

Robert  Boyd . 

H.  R.  Geiger . 

Edw.  T.  Seynave,  secretary . 

Ivison,  Blakeman  &  Co . 

J.  F.  Bruce  &  Bro . 

Quartermaster’s  Department,  U. 
S.  Army. 

Frederick  W.  Taylor . 


. do . 

Services,  October  1  to  31 . 1887  . 

Care  and  forage  of  public  animals . . 

Freight  charges . 

. do . 

Services,  October,  1887  . 

. do . 

. do  . 

_ do . 

Publications . 

Traveling  expenses . 

Field  expenses,  July  14  to  October 
1,1887. 

Freight  charges . 

Supplies,  repairs,  etc . 

Traveling  expenses . 

Publications . 

1  arm  bracket . 

Field  material . 

Post  flag  . . 

Services,  October  1  to  November  25, 
1887. 


Amount. 


$0.58 

2.20 
108. 80 
387.75 

70.50 

320.00 
85.00 
22.58 
359. 09 
96.28 
140.00 
19. 13 

14.50 
9. 69 

20.25 
76.00 
6.00 
28.95 
48. 30 
580. 09 
516. 40 
1.08 
12.20 
21.22 

157.  42 
5.00 

10.65 
27. 36 
5.00 

12. 50 

211.19 
179. 53 
69.69 
53.11 
35.00 
74.60 
36.62 


40.65 

29.00 


56. 25 
75.80 
58. 31 

310.08 
59.22 
129. 56 
399. 00 
64.27 
24.50 

36.05 

190.00 

16.25 
10  15 
46.67 
50. 00 
50.00 
60.00 
50.00 

7.00 
55.04 
152. 93 

17.21 

95.34 

4.25 

5.00 

1.50 

15.00 

10.20 

20.00 


t. 

25 

25 

25 

25 

25 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

3 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

i 

7 

*y 

i 

7 

7 

7 

7 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 
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of  disbursements  made  by  Jno.  D.  McChesney,  etc.— Continued. 


To  whom  paid. 

For  what  paid. 

Amount. 

C.  A.  White . 

Traveling  expenses  . . 

$208. 41 
10(5. 60 

C.  B.  Boyle . 

Ira  M.  Buell . 

24  77 

Northern  Pacific  Railroad . 

Transportation  of  assistants . 

441.95 

Western  Union  Telegraph  Com¬ 
pany. 

Emil  Greiner . 

Telegrams . 

8.03 

Laboratory  material. . 

24  25 

J.  Bishop  &  Co . 

. do . 

39.60 

John  F.  Stephenson . 

Freight  charges  and  hauling . 

5. 12 

Lawrence  C.  Johnson . 

Services,  November,  1887 . 

114.20 

William  M.  Fontaine . 

.  do . . . 

163.00 

Roland  D.  Irving . 

. do . 

244.60 

Robert  T.  Hill . 

. do . . 

97.80 

Leo  Lesquereux .  . 

. do . 

75. 00 

Sam.  H.  Scudder . 

. do . 

203. 80 

O.  C.  Marsh . 

. do . 

326. 00 

E.  H.  Barbour . 

. do . 

265. 20 

G.  Baur . 

. do . 

140. 00 

Fred.  Brown . 

. do . 

90.00 

F.  Berger  . 

. do . 

70.00 

Hugh  Gibb . 

. do . * . 

60.00 

L.  P.  Bush . 

. do . 

50. 00 

Arthur  Keith 

50.00 

Transportation  of  assistants . 

29.00 

Railroad. 

E.  E.  Jackson  &  Co . 

Lumber,  etc . . 

139. 83 

Buffalo  Dental  Manufacturing 
Company. 

Pay-roll  of  employ6s . 

3.75 

Services,  November,  1887 . 

2, 979. 40 
748. 40 

.do . . . 

. do  . 

. do . 

. do . 

3, 178. 97 
4, 146. 40 
443. 40 

.  do  . . 

. do . 

. do . 

. do  . 

. do . 

. do . 

244. 60 

F.  W.  Geiger . . . 

. do . 

45. 00 

W.  S.  Bayley . 

. do . 

60. 00 

W.  N.  Merriam . 

. do . 

114.20 

William  D.  Heistand . 

Services  between  November  1  and 

50.00 

Pay-roll  of  employes . . . 

30, 1887. 

Services,  November,  1887 . 

274.80 

Z.  D.  Gilman . 

Photographic  and  laboratory  sup¬ 
plies. 

Laboratory  supplies . 

214.12 

. do . 

16. 74 

J.  Henry  Blake . 

Services,  November,  1887  . 

146.80 

N.  S.  Shaler . 

. do . 

260. 00 

Washington  Gas-Light  Company . 
James  G.  Bowen  . 

Gas . 

90.40 

Care  of  public  animals . . . 

70.75 

B.  F.  McCaully  &  Co . 

. do . 

24.50 

C.  R.  Van  Hise . 

Services,  November,  1887 . 

70. 00 

John  F.  Paret . 

Drawing  material . 

11.30 

555. 50 

A.  H.  Robbins . 

Traveling  expenses . 

8.25 

Barney  Boberg . 

Services,  November,  1887 . 

50.00 

Joseph  I.  Clawson . 

. do . 

60.00 

Jere  Hatch . 

. do . 

50.00 

Frank  Sutton . 

. do . 

73.40 

William  P.  Rust . 

Services,  October  1  to  November  30, 
1887. 

Services,  October  and  November, 
1887. 

169.00 

Oscar  W.  Tefft . 

10.00 

3.70 

Eimer  &  Amend . 

Laboratory  material  and  supplies  . . 
Office  supplies . 

257. 22 

Easton  &  Rupp. 

1.35 

Warren  Upham . 

Salary,  October  1  to  November  30, 
1887. 

Traveling  expenses . 

198. 90 

P.  D.  Staats 

23.84 

F.  W.  Clarke 

. do . 

11.25 

N.  R.  TP  A  ray 

Subsistence  supplies . 

20. 25 

. do  .  . 

Forage  and  transportation . 

67. 00 

Transportation  of  public  property. . 
Publications . 

28. 75 

7.00 

J  W  Miller 

Services . 

3.00 

1  horse . 

40.00 

Services . 

10. 00 

Repairs . 

8. 50 

Subsistence  supplies . 

5. 89 

Subsistence  and  field  supplies . 

80. 28 

Subsistence  supplies . 

74. 95 

Field  material . 

4.50 

Library  Bureau . 

Stationery . 

3.60 

172 
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Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

1887. 
Dec.  9 

286 

Walter  L.  Webb . 

Services,  November,  1887 . 

9 

287 

Nat.  K.  Jones . 

Services,  November  3  to  17, 1887 . 

10 

288 

Edward  Orton  . 

Services’  July  1  to  September  30, 

10 

289 

Lawrence  C.  Johnson . 

1887. 

Traveling  expenses . 

12 

290 

Atchison,  Topeka  and  Santa  Fe 

Transportation  of  assistants . 

12 

13 

291 

292 

Railroad. 

Photo.  Engraving  Company . 

Texas,  Santa  Fe  and  Northern 

Maps . 

Transportation  of  assistants . 

13 

293 

Railroad. 

American  Tool  and  Machine  Com- 

Laboratory  supplies . 

13 

294 

pany. 

Marcus  E.  Jones . 

Services . 

13 

295 

Charles  S.  Cudlip . 

Photographic  supplies . 

15 

296 

AV.  M.  Shuster  &  Sons . 

Office  supplies . 

15 

297 

George  Ryneal,  jr . 

Office  furniture . 

15 

298 

Charles  H.  Kraft . 

Laboratory  supplies  . 

15 

299 

St.  Louis  and  San  Francisco  Rail- 

Transportation  of  assistants . 

17 

300 

way. 

Hubbell,  Merwin  &  Co . 

Laboratory  material . 

17 

301 

Otis  Brothers  &  Co . 

. do .  . 

17 

302 

Western  Union  Telegraph  Com- 

Telegrams  . 

19 

303 

pany. 

C.  AV.  Hayes . 

Services,  November  1  to  30,  1887 .... 

19 

304 

R.  T.  Hill . 

19 

305 

Chicago,  Milwaukee  and  St.  Paul 

Transportation  of  assistants . 

19 

306 

Railroad. 

Robert  Cameron . 

Repairs  to  public  wagons . 

20 

307 

AVilliam  AVesley  &  Son . 

Publications . 

20 

308 

Citizens'  National  Bank . 

Bill  of  exchange . 

20 

309 

AVabash  AVestern  Railway  Com- 

Transportation  of  assistants . 

20 

310 

pany. 

AA7.  H.  Walmsley . . . . . 

Photographic  supplies . 

20 

311 

C.  W.  Hall . 

Traveling  expenses . 

27 

312 

L.  B.  Avery . 

. do . 

27 

313 

W.  J.  McGee . 

. do . 

27 

314 

Bailey  AVillis . 

Cash  paid  for  freight . 

29 

315 

Edward  Kiibel . 

Cash  paid  for  repairs . 

29 

317 

AV.  H.  Lowdermilk  &  Co . 

Publications . 

29 

318 

John  F.  Stephenson . 

Freight  charges . 

29 

319 

J.  B.  Woodworth . 

Services,  November,  1887  . 

30 

320 

Mutual  District  Messenger  Com- 

Rental  of  night  watch . 

31 

321 

pany. 

Carl  Barus . 

Traveling  expenses  . . 

31 

322 

N.  S.  Shaler . 

Services,  December,  1887. . 

31 

323 

Sam  H.  Scudder . 

. do . 

31 

324 

J.  Henry  Blake . 

. do . 

31 

325 

Walter  L.  Webb . 

. do . 

31 

326 

AATlliam  M.  Fontaine . 

. do . 

31 

326 

I.  C.  White . 

Services,  October  1  to  Dec.  13, 1887 . . 

31 

327 

Lawrence  C.  Johnson . 

Services,  December,  1887 . 

31 

328 

Leo  Lesquereux . 

. do . 

31 

329 

George  H.  Williams . 

Services,  October  1  to  December  20, 

31 

330 

George  H.  Stone . 

1887. 

Services,  August  1  to  November  30, 

31 

331 

E.  C.  Anderson . 

1887. 

Services,  September  20  to  October  4, 

31 

332 

O.  C.  Marsh . 

1887. 

Services,  December,  1887 . 

31 

333 

A.  Hermann . 

Services,  October  1  to  December  31 , 

31 

334 

T.  A.  Bostwick . 

1887. 

. do . 

31 

335 

R.  AV.  Westbrook  . . 

...  do . 

31 

.330 

G.  Baur . .  . 

Services,  December,  1887 . 

31 

337 

E.  H.  Barbour . 

.  do . * . 

31 

338 

F.  Berger . 

. do . 

31 

339 

Hugh  Gibb  .... 

. do . 

31 

340 

L.  P.  Bush . 

. do . 

31 

341 

Arthur  Keith . 

. do . 

31 

342 

August  F.  Foerste . 

Services,  October  1  to  December  31, 

31 

343 

Roland  D.  Irving . 

1887. 

Services,  December,  1887 . 

31 

344 

Alfred  Dodge . .  .^ . 

Laboratory  supplies . 

31 

345 

James  W.  Queen  &  Co . 

Instruments,  etc . 

31 

346 

Atlantic  and  Pacific  Railroad. . . . 

Transportation  of  assistants . 

31 

347 

Fremont,  Elkhorn  and  Missouri 

Transportation  of  freight . 

31 

348 

A7 alley  Railroad. 

M.  AV.  Beveridge . 

Office  supplies . 

31 

349 

E.  F.  Brooks... . 

Office  furniture . 

31 

350 

H.  Hoffa . 

Laboratory  material  . 

Amount. 


$100.00' 
25.00 
600. 00 

48. 15 
179. 75 

19.95 

38.40 

13.65 

15. 00' 
77. 21 

21.49 
15.10 
33. 36 
57.35 

113. 85 
8. 78 
8.29 

50.00 

40. 90 

89.50 

16.00 

53.28 
.48 

15.50 

7. 50 
22.70 

16. 50 

145. 85 
1.75 

12.28 

27. 50 

15.90 
50.  OO 

5.00 


28.05 
270. 00 
210. 60 
151.60 
100. 00 

168. 50 

402. 15 

117. 90 
75. 00 
80.00 

100.00 

30.00 


337. 00 
225. 00 

225. 00 
165. 00 
140. 00 
134.80 
70.00 
60. 00 
50.00 
50.00 
90. 00 


252.70 
4.32 
13. 25 

8. 15 
99.77 

2.46 

14.50 

2.90 
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Abstract  of  disbursevients  made  by  Jno.  D.  McChesney,  etc. —  Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Dec.  31 

351 

Pay-roll  of  employes . 

Services,  December,  1887 . 

$3,187.40 
4, 382. 90 
3,071.80 
489. 80 
67. 50 
743. 33 
252  70 

31 

352 

. do . 

. do . 

31 

353 

. do . 

31 

354 

355 

. do . 7 . 

31 

. do . 

31 

356 

. do . 

31 

357 

George  W.  Shutt . 

. do . 

31 

W.  NT  Merriam . 

. do . 

117  90 

31 

359 

C.  R.  Van  Hise . 

. do . 

80.00 
60  00 

31 

360 

W.  S.  Bayley . 

. do . 

31 

361 

C.  W.  Hall . 

Services  bet  ween  October  1  and  De- 

27.00 

31 

362 

W.  D.  Heistand . 

cember  17,  1887. 

Services,  December,  1887 . 

50  00 

31 

31 

363 

364 

Pay-roll  of  employes . 

Ira  M.  Buell . 

Services,  November  24  to  26, 1887. . . . 

151.60 

12.00 

31 

365 

Baltimore  and  Ohio  Railroad  .... 

Freight  charges . 

6.31 

31 

366 

N.  S.  Shaler . 

Traveling  expenses . . 

110. 83 

31 

367 

Warren  Upham . 

. do . *. . 

500. 03 

31 

368 

Charles  S.  Cudlip . 

Photographic  supplies . 

346  98 

31 

369 

Washington  Gas-Light  Company. 

Gas  for  December*  1887 . 

115.39 

31 

370 

James  G.  Bowen . 

Care  and  forage  of  public  animals. . 

59. 94 

31 

371 

Bauch  and  Lamb  Optical  Com- 

Office  furniture . 

4.00 

31 

31 

372 

373 

pany. 

Washington  City  post-office . 

Frank  Lever ett . 

Rent  of  post-office  boxes . 

Services,  October  14  to  December 

8.00 

300.00 

31 

374 

Lutz  &  Bro . 

31,  1887. 

Means  of  transportation . 

80. 50 

31 

375 

Chesapeake  and  Potomac  Tele- 

Services,  October.  November,  and 

155. 50 

31 

phone  Company. 

W.  P.  Rust . .' . 

December,  1887. 

Services,  December,  1887 . 

31 

31 

377 

378 

Hume,  Cleary  &  Co . 

Great  Falls  Ice  Company . 

Office  supplie's . 

Ice,  October,  November,  and  De- 

9.30 

42.27 

31 

379 

B.  F.  MeCaully  &  Co . 

cember,  1887. 

Care  and  forage  of  public  animals. . 

26.00 

31 

31 

380 

381 

Chicago  and  Alton  Railroad . 

Denver  and  Rio  Grande  Western 

Transportation  of  assistants . 

. do . 

12. 50 
29.00 

Railroad. 

67,220.79 

SALARIES  OFFICE  OF  GEOLOGICAL  SURVEY. 


1887. 

Oct.  31 

1 

Patrick  Wheeler . 

Services,  October,  1887  . 

50  50 

31 

2 

Pay-roll  of  employes . 

. do  . 

2,866  90 

31 

3 

A.  B.  Searle . 

_ _ _ do . 

75  80 

Nov.  30 

4 

Pay-roll  of  employes . 

Services,  November,  1887  . 

2, 763. 09 

Dec.  1 

5 

Patrick  Wheeler . 

. do . 

49  00 

13 

6 

M.  W.  Blumenberg . 

Services,  December  1  to  8, 1887 . 

10. 43 

31 

Pay-roll  of  employes  . 

. do . 

2, 901.82 

31 

8 

Jefferson  Middleton . 

Services,  December  17  to  31, 1887 _ 

41.58 

8, 759.12 

Abstract  of  disbursements  made  by  C.  D.  Davis ,  special  disbursing  agent ,  U.  S. 
Geological  Survey,  during  the  fourth  quarter  of  1887. 


1887. 
Dec.  2 


3 

6 

8 

9 

9 

9 

9 

10 

12 

12 

12 

15 

16 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


Clifford  Arrick  . .  . . 

. do . 

R.  H.  Stuart . 

William  H.  Lovell  . . 
Sumner  H.  Bodflsh  . 
Willard  D.  Johnson 
Raymond  H.  Hale  . . 
Henry  Ulke,  jr  . .  . 

. do . 

G.  L. Johnson . 

D. J.  Howell . 

E.  W.  F.  Natter . 

William  H.  Lovell.. 

C.  W.  Fisherdick _ 

Robert  Robertson . . 
Willard  D.  Johnson. 


Traveling  expenses . 

Miscellaneous  field  expenses. . . . 

Traveling  expenses . 

Miscellaneous  field  expenses. . . . 

. do . 

. do . 

Traveling  expenses . 

. do  . 

Services,  December,  1887  . 

Traveling  expenses . 

. do . 

Miscellaneous  field  expenses .... 

.  ...  do . 

Services,  November,  1887 . 

Traveling  expenses . 

Miscellaneous  field  expenses .... 


$21.15 

16.35 

14.22 

57. 20 
95  65 

127. 73 
17.11 

11.20 
10. 32 
14.17 
65.16 

155. 75 
19.44 
40.00 
16.01 
79.00 
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Abstract  of  disbursements  made  by  C.  D.  Davis,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Dec.  16 

17 

Willard  D.  Johnson . 

Traveling  expenses . 

$16.92 

64.30 

20 

18 

E.  W.  F.  Natter . 

Miscellaneous  field  expenses . 

21 

19 

William  H.  Lovell . 

. do . 

14. 50 

31 

31 

20 

21 

Pay-roll  of  employes . 

. . do  . . 

Services,  December,  1887 . 

. do . 

374. 00 
1,513. 10 

31 

22 

Sumner  H.  Bodfish . 

Traveling  expenses . 

25. 18 

2, 768. 46 

Abstract  of  disbursements  made  by  Mark  B.  Kerr,  disbursing  agent,  U.  S.  Geologi¬ 
cal  Survey,  during  the  fourth  quarter  of  1887. 


1887. 

Oct.  1 

1 

Leonard  H.  Swett . 

Traveling  expenses  . 

3 

2 

A.  F.  Dunnington . 

Field  expenses . 

3 

3 

Redick  H.  McKee . 

. do  7 . 

6 

4 

H.  M.  Wilson . 

. do . 

6 

5 

. do . 

. do . 

6 

6 

E.  C.  Ryan . 

. do . 

6 

7 

. do . 

Services,  September,  1887 . 

6 

8 

James  E.  Shelley . 

Services,  August,  1887  . 

6 

9 

Pay-roll  (Diller) . 

Services,  September,  1887  . . 

6 

10 

C.  H.  Fitch . 

Field  expenses . 

6 

11 

. do . 

6 

12 

Frank  Tweedy . 

6 

lV 

Fred.  J.  Knight . 

6 

14 

. do  ...  .7 . 

. do . 

6 

15 

A.  T.  Kyle,  jr . 

Services,  September,  1887 . 

6 

16 

. do  ...  7 . 

Storage  .........  .... 

6 

17 

. do .  ... 

Pasturage  . . . 

10 

18 

James  T.  Jones . 

Traveling  expenses  . . 

10 

19 

R.  U. Goode  . 

. do. ....  7. . 

10 

20 

C.H.  Fitch . 

Field  expenses . 

11 

21 

Eugene  Ricksecker. .  . 

. do  7 . 

12 

22 

E.  T.  Perkins,  jr . 

12 

23 

Peter  Born  . 

Services,  October,  1887 . 

12 

24 

Miller  &  Co . 

Storage  . 

15 

25 

L.  G.  Stevenson . 

Services,  August  and  September, 

1  QQ7 

17 

26 

A.  H.  Thompson . 

Services,  September,  1887 

17 

27 

. do . 

Traveling  expenses . 

31 

28 

Pay-roll  (Goode) . 

Services,  October,  1887 . 

31 

29 

Pay-roll  (Wallace) . 

.  do.. . . 

31 

30 

Pay-roll  (Fitch). . 

31 

31 

John  B.  Koch . 

Services,  September,  1887 

31 

32 

Pay-roll  (Douglas) . 

Services,  October,  1887. . . . 

31 

33 

Pay-roll  (Tweedy) . 

31 

34 

A.  F.  Dunnington . 

Traveling  expenses . 

31 

35 

Redick  H.  McKee . 

31 

36 

H.M.  Wilson . 

. do . 

31 

37 

Owen  W.  Thomas,  jr . 

. do . 

31 

38 

F.  M.  Pierce  . ”. . 

Subsistence,  etc . 

31 

39 

D.  W.  Spence . 

Field  expenses . 

31 

40 

. do . 

Services . 

31 

41 

Pay-roll  (office  and  field) . 

Services,  October,  1887 . 

31 

42 

M.  J.  Holt . 

. do . 

31 

43 

. do . 

Traveling  expenses . 

31 

44 

Paul  Holman . 

. do . 

31 

45 

Pay-roll  (Davis) . 

Services,  October,  1887 . 

31 

46 

Pay-roll  (Knight) . 

. do . 

31 

47 

H.  S.  Wallace . 

Field  expenses . 

31 

48 

E.  T.  Perkins,  jr . 

Traveling  expenses . 

Nov.  5 

49 

James  E.  Shelley . 

. do . 

4 

50 

Mark  B.  Kerr . 

. do . 

Oct.  31 

51 

Pay-roll  (Diller) . 

Services,  October,  1887 . . . 

Nov.  15 

52 

F.  H.  Tharp . 

Traveling  expenses . k . 

15 

53 

James  Vance . 

Storage  . 

15 

54 

Arthur  P.  Davis  . 

Field  expenses . 

16 

55 

R.  U.  Goode . 

. do . 

16 

56 

. do . 

. do .  . 

9 

57 

James  E.  Shelley . 

Traveling  expenses . 

14 

58 

Eugene  Ricksecker . 

Field  expenses . 

15 

59 

H.  S.  Wallace . 

16 

60 

C.H.  Fitch . 

....  do . 

16 

61 

. do . 

14 

62 

Engene  Ricksecker . 

Traveling  expenses . . 

$33.00 

24. 85 
10.18 

125. 17 
43. 00 
26.00 
60. 00 
50.00 
286. 80 

59. 97 

37. 75 
29.80 
79. 93 
40.00 
35.00 

5.00 

9.75 
17. 00 
72.60 

11.85 

186.95 

38.50 
17.41 

5.00 
100. 00 

220. 20 
99.46 
337. 40 

332. 90 
332. 70 

26.  00 
261.88 
257. 05 
120. 20 

117. 45 

123. 95 

43. 75 
57. 40 
30.00 

8.06 

609. 90 
38. 71 

95. 50 

120. 45 
403. 86 
344. 15 

97. 50 

123.95 

26.00 

117. 50 
301.60 
50.  45 
30.00 
55.66 

48.30 

41.30 

19.50 
207.  37 

42. 98 
38.10 

43.50 

139. 75 


»y- 

it. 

14 

14 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

17 

17 

17 

1? 

17 

17 

18 

18 

18 

19 

19 

19 

19 

21 

23 

25 

25 

25 

25 

25 

25 

25 

25 

26 

26 

26 

28 

28 

30 

30 

30 

30 

30 

30 

30 

30 

30 

1 

1 

1 

2 

5 

5 

7 

8 

8 

14 

14 

14 

14 

15 

23 

27 

27 
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ict  of  disbursements  made 


by  Mark  B.  Kerr,  etc. — Continued. 


To  whom  paid. 


For  what  paid. 


Amount. 


E.  M.  Douglas . 

. do . 

R.  H.  Chapman . 

J.  W.  Miller . 

Frank  Tweedy . 

C.H.  Fitch . 

Frank  Tweedy . 

Fred  J.  Knight . 

E.  C.  Landers . 

Pay-roll  (Wilson) _ 

E.  M.  Hasbrouck . 

John  H.  Hughes  _ 

C. H.  Fitch . 

Charles  F.  Urquhart . 
Robert  Muldrow 
Hamilton  S.  Wallace 
Houston  Stevens  . . . 

D.  H.  Campbell . 

R.  U.  Goode . 

. do . 

....  do . 

H.S.  Wallace . 

Frank  E.  Gore . 

Fred.  J.  Knight  . 

E.  M.  Hasbrouck - 

. do . 

. do . 

Arthur  P.  Davis . 

W.  R.  Fitzgerald . 

T.  H.  Johnson . 

F. G.  Pratt  &  Co . 

J.  J.  Clark . 

A.  II.  Thompson . 

Frank  H.  Hughes  . . . 


Field  expenses . 

Traveling  expenses . 

Field  expenses . 

Field  supplies . 

Field  expenses . .-. . 

. do . 

Traveling  expenses . 

. do. . . 

Forage . 

Services,  October,  1887 . 

Traveling  expenses . 

Field  material . 

Traveling  expenses . 

. do. . . 

. do . 

.  do . 

Services,  October  and  November . . 

Services,  November . 

Traveling  expenses . 

Field  expenses . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 

Traveling  expenses . 

Services,  October,  1887 . 

. do . 

Subsistence,  etc . 

Services,  November,  1887 . . . . 

Services,  October,  1887  . 

Services,  September  and  October, 
1887. 


841.09 
55. 10 
9.30 

15.55 
7.05 

57, 40 
64. 30 
131.25 
200. 00 

57. 74 
27. 05 

39. 50 
63. 45 
63. 45 
63.  20 
63. 45 
27. 00 

4. 50 
88.00 
33. 70 
121.95 
25. 05 
44.60 
257. 29 

17. 55 
34.85 

44. 50 

41.75 
42. 58 
30. 65 
74.27 
20. 16 

227. 40 
55. 00 


Lincoln  Martin . 

. do . 

James  T.  Jones . 

Frank  H.  Thorp . 

Frank  E.  Gore . 

. do . 

. do . 

E.  C.  Ryan . 

. do . 

. do . 

J,  S.  Diller _ ' . 

-  do . 

Pay-roll  (office  and  field) 

R.  H.  Chapman . 

J.  R.  Curlee . 

L.B.  Putney  . 

Arthur  P.  Davis . 

. do . 

Charles  W.  Howell . 

A.  T.  Kyle,  jr . 

C.  Beach . 

C.  P.  Rock . 

. do .  . . 

. do . 

Warren  H. Moons . 

R.  H.  Chapman . 

Janies  T.  Jones . 

E.  M.  Hasbrouck . 

Zellhoefer  &  Noedel . 

Mark  B.  Kerr . 

Joseph  W.  Davis . 

Johu  H.  Hughes . 

A.  Leitz  &  Co . 

Amos  Scott . 

L.  B.  Putney . 

A.  II.  Thompson . 

J.D.  Black . 

John  H.  Hughes . 

L.  B.  Putney . 

Pay-roll  (office  and  field) 

J.  T.  Miller . 

Charles  W.  Howell . 


Services,  November.  1887 . 

Traveling  expenses . 

. do . 

Services . 

Services,  November,  1887  . 

Traveling  expenses  . . . 

Field  expenses . 

Services,  October,  1887  . . 

Traveling  expenses . 

Board  and  lodging . 

Traveling  expenses . 

. do . . 

Services,  November,  1887 . 

Services,  October  and  November 

Shoeing . 

Forage . 

Field  expenses . 

. do . 

Services,  November,  1887  . 

Pasturage. . 

Field  stationery . 

Traveling  expenses . 

. do . 

. do . 

Forage . 

Traveling  expenses . 

Services,  October.  1887  . 

Services,  November,  1887 . 

Subsistence . 

Field  expenses . 

Field  material . 

. do . 

Repairs  to  instruments . . . 

Services,  October,  1887  . 

Forage . 

Traveling  expenses . 

Services,  September,  1887  . 

Field  material . 

Forage . 

Services,  December,  1887  . 

Herding  and  pasture . 

Services,  December,  1887  . 


25.00 

33. 75 

16.50 
30. 00 
25.00 

63.40 

44.50 
60.00 
85.00 

8. 60 
86.00 
615. 74 
2,027.40 
165. 80 
8.00 
17.  95 
113.35 
46. 54 
60. 00 
40. 57 
5. 03 

80. 90 
46. 77 
36.29 
31.88 

29.40 
50. 00 
50. 00 

53. 75 
90.83 

5. 00 
55.00 

9. 75 

32. 90 

61.50 
165. 93 

30. 00 

6. 75 
9. 58 

2,360.30 

82. 50 
60. 00 


15,846. 78 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent ,  U. 
S.  Geological  Survey,  during  the  fourth  quarter  of  1887. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

188? 

■Oct.  10 

1 

R.  Lee  Longstreet . 

Miscellaneous  field  expenses . 

$26. 65 
76  42 

11 

2 

Charles  M.  Y eates . 

. do . . . 

13 

3 

D.  C.  Harrison . 

. do . 

41.50 

13 

4 

E.  C.  Barnard . 

. do . 

76.08 

13 

5 

Morris  Bien . • . 

. do . 

133. 19 

15 

6 

J.W.  Hays . 

. do . 

78. 48 

15 

W.  T.  Griswold . 

. do . 

21.92 

15 

8 

. do . 

. do . 

27.5" 

15 

9 

. do . 

. do . 

28. 15 

10 

Louis  Nell . 

. do . 

20. 00 

17 

11 

M.  Hackett . 

. do . 

166.32 

17 

12 

L.  C.  Fletcher  . 

. do . 

94.58 

17 

13 

W.  T.  Griswold . 

Traveling  expenses . 

59. 25 

18 

14 

Louis  Nell . 

Miscellaneous  field  expenses . 

166. 32 

24 

15 

D.  C.  Harrison . 

. do . 

13.50 

34 

16 

E.  O.  Barnard . 

Traveling  expenses . 

8. 86 

34 

17 

W.  T.  Griswold . 

Miscellaneous  field  expenses . 

53. 78 

35 

18 

R.  O.  Gordon . 

36. 29 

26 

19 

L.  C.  Fletcher . 

. do . 

79.20 

27 

20 

Morris  Bien . 

. do . 

129. 74 

28 

21 

Z.  N.  Lockhart . 

Stock  . 

160.00 

30 

22 

. do . 

Forage  of  stock,  etc . 

69.59 

31 

23 

Pay-roll . 

Services,  October,  1887  . 

355. 30 

31 

24 

P.  H.  Christie . 

. do . 

151.60 

31 

25 

J.D.  Hanger . 

. dcf( . 

40.00 

31 

26 

Pay-roll  .1 . 

. do . 

401.40 

31 

27 

D.  C.  Harrison . . . 

. do . . 

101.10 

51 

28 

R.  Lee  Longstreet . 

. do . 

84.20 

31 

29 

J.W.  Hays . 

. do . 

101.10 

31 

30 

W.  T.  Griswold . 

. do . 

151.60 

31 

31 

V.  T.  Carmichael . 

. do . 

25. 00 

31 

32 

W.G.Cleland . 

. do . 

25.00 

31 

33 

Pay-roll . . 

. do . 

595  63 

31 

31 

31 

34 

Tinsley  Racener . 

. do . 

20.00 

35 

E.  S.  Bodenhamer . 

......  do . 

12  00 

36 

R.  C.  McKinney . 

. do . 

101.10 

31 

37 

John  W.  Carter . 

. do . 

12. 09 

31 

38 

F.  P.  Fitzwilliam . 

. do . 

25  00 

31 

31 

39 

Pay-roll  (Barnard,  October)  . 

. do . 

351  90 

40 

Pay-roll  (Nell,  October) . 

. do . 

541.40 

31 

41 

Pay-roll  (Bien,  October) . 

. do . 

353. 00 

31 

42 

W."F.  Fling  . . . . 

Forage  of  stock . 

4  00 

31 

43 

R.  C.  McKinney . 

Miscellaneous  field  expenses . 

21.90 

Nov.  4 
10 

44 

Charles  M.  Yeates . 

. do . t . 

435  04 

R.  Lee  Longstreet . 

. do . 

49.29 

10 

46 

Louis  Nell . 

. do . ; . . . 

77  60 

11 

47 

R.  C.  McKinney . 

. do . 

36. 63 

12 

48 

L.  C.  Fletcher . 

. do . 

70  22 

12 

49 

. do . 

Traveling  expenses . 

29.25 

14 

50 

Lewis  J.  Battle .  . 

Services,  November  1  to  14, 1887,  in¬ 
clusive. 

Services,  November  1  to  7, 1887,  in¬ 
clusive. 

Miscellaneous  field  expenses. 

23.33 

9  33 

16 

51 

M.  B.  Harrolson  . 

16 

52 

. do . 

14  65 

30 

30 

53 

F.  P.  Fitzwilliam  . 

Services,  November  1  to  12, 1887,  in¬ 
clusive. 

Services,  November,  1887 . 

10.00 

1,533  20 

54 

Pay-roll  (office) . 

30 

_ "..do . 

. do . 

456. 53 

30 

50 

. do . 

. do . 

399.80 
382. 19 
13  33 

30 

57 

. do . 

30 

James  Graham  . 

Services,  November  1  to  8,  1887,  in- 
.  elusive.  ^ 

Miscellaneous  field  expenses 

30 

59 

R.  Lee  Longstreet . 

19  24 

30 

60 

M.  Hackett . . 

163  34 

30 

61 

62 

R.  McC.  Michler . 

Traveling  expenses . 

38.15 
44  65 

30 

A.  E.  Murlin . ' . 

. do . 

30 

63 

M.  Hackett . 

. do . 

32  65 

30 

•  64 

Gilbert  Thompson . 

17  65 

30 

65 

W.  R.  Atkinson . 

. do . 

33  20 

30 

66 

C.  W.  Goodlow . 

39  60 

30 

67 

Shack  Smith . 

18  25 

30 

68 

Lewis  J.  Battle  . . 

. do . 

19.  30 
19  10 

30 

69 

R.  O.  Gordon. . . 

30 

70 

W.  L.  Miller . 

21  50 

30 

71 

Charles  E.  Cooke . 

10  10 

30 

72 

D.  C.  Harrison . 

17. 25 
17  70 

30 

73 

R.  Lee  Longstreet . 

30 

74 

Hersey  Monroe . 

12.60 
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Abstract  of  disbursements  made  by  P.  IT.  Christie,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Nov.  30 

75 

R.  M.  Towson . 

Traveling  expenses . 

$26.75 
3.70 
8  25 

30 

76 

T.  Booker . 

. do . . . 

30 

77 

Morris  Bien  . 

30 

78 

. do . 

. do . 

22.95 

74.00 

31.40 

30 

79 

Louis  Nell . 

. do . 

30 

80 

Frederic  P.  Gulliver . 

30 

81 

E.  C.  Barnard . 

25  05 

30 

82 

P.  H.  Christie . 

103  45 

30 

83 

Morris  Bien . 

Miscellaneous  field  expenses. . . 

117  05 

30 

84 

John  W.  Emmert . 

Traveling  expenses . 

6  60 

30 

85 

W.  L.  Miller . 

Miscellaneous  field  expenses . 

31  40 

30 

86 

R.  O.  Gordon . 

. do . * . 

88  41 

30 

87 

D.  C.  Harrison . 

. do . 

24  00 

30 

88 

. do . 

. do . . . 

17  9^ 

30 

89 

J.  W.  Hays . 

. do . 

69.75 

30 

90 

Morris  Bien  . 

. do . 

159  26 

30 

91 

W.  T.  Griswold . 

. do . 

211.23 

30 

92 

. do . 

Traveling  expenses . 

6  93 

30 

93 

E.  C.  Barnard . 

Miscellaneous  field  expenses . 

200. 66 

30 

94 

W.  F.  Fling . 

Forage  of  stock . 

12.00 

30 

95 

N.  B. Dunn . 

. do . 

168. 75 

30 

96 

L.  Morgan . 

....  do . 

16. 50 

Dec.  13 

97 

R.  C.  McKinney . 

Traveling  expenses . 

10  65 

13 

98 

. do . . 

. do . 

15.20 

14 

99 

Louis  Nell . 

Miscellaneous  field  exDenses . 

232. 02 

14 

100 

C.  B.  Buxton . 

Traveling  expenses . 

25  50 

17 

17 

101 

102 

R.  Lee  Longstreet . 

L.  Morgan . 

Miscellaneous  field  expenses . 

Traveling  expenses . 

45.12 

12.80 

17 

103 

E.  C.  Barnard . 

Miscellaneous  field  expenses .... 

2  65 

19 

104 

L.  D.  Brent . 

. do . 

21.85 

19 

105 

. do . 

Traveling  expenses . 

26  30 

19 

106 

W.  G.  Cleland . 

Miscellaneous  field  expenses  . . 

10.00 
170  39 

20 

107 

Louis  Nell . 

. do . 

20 

108 

Charles  M.  Yeates . 

Traveling  expenses . 

28.75 
68. 96 
144  45 

21 

109 

Morris  Bien  . 

Miscellaneous  field  expenses. . . 

21 

110 

Charles  M.  Yeates . 

. do . 

23 

111 

John  W.  Emmert . 

. do . 

40.14 
91  36 

23 

112 

P.  H.  Christie . 

. do . 

31 

113 

Pay-roll . 

Services,  December,  1887  . .  . 

2,638. 63 
23.60 
18  60 

31 

114 

A.  E.  Wilson . 

Traveling  expenses  . . 

31 

115 

J.  W.  Hays . 

. do . 

31 

116 

. do . 

Miscellaneous  field  expenses 

74.08 

1.60 

6.30 

31 

117 

Carroll  Webster . 

Traveling  expenses . . 

31 

118 

Elias  Foglesong . 

Forage  of  stock . .- 

31 

119 

W.  F.  Fling  ...  7 . 

. do . 

18.84 

31 

120 

Z.  N.  Lockhart . 

. do . 

8.33 

31 

121 

James  G.  Reaves . 

Forage  of  stock,  etc  . . 

56.02 

31 

122 

W.  F.  Latham . 

. do . 

70. 38 

31 

123 

E.  M.  Harnsberger . 

.  do . 

100.00 

31 

124 

L.  Morgan . 

. do . 

65.00 

31 

125 

M.  H.  Horton . 

Storage  of  property . 

6.00 

31 

126 

Henkel  &  Corpening . 

. do . 

3.00 

31 

127 

A.  E.  Wilson . 

Miscellaneous  field  expenses . 

3.50 

31 

128 

N. B. Dunn . 

Forage  of  stock . 

176. 94 

31 

129 

A.  Slack,  M.  D . 

Veterinary  services . 

8.20 

31 

130 

N. B. Dunn . 

Miscellaneous  field  expenses . 

25.00 

% 

14,782.55 

Abstract  of  disbursements  made  by  Arnold  Hague ,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  fourth  guarter  of  1887. 


1887. 
Sept.  30 
Oct.  4 
4 

4 

5 

Nov.  5 
12 

Oct.  31 
Nov.  14 

14 

15 

Oct.  31 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


Pay-roll  of  employes .  Salaries,  September,  1887  . 

Arnold  Hague .  Traveling  expenses . . 

Yellowstone  Park  Association .  Field  subsistence  and  material . 

. do . |  Subsistence . 

James  A.  Clark .  Fie  d  supplies . 

Anton  Karl .  Traveling  expenses . 

E.  J.  Owenhouse .  Storage . 

Pay-roll  of  employes .  Salaries,  field  force,  October,  1887  . . 

W.  H.  Weed . 1  Traveling  expenses . 

Joseph  P.  Iddings . | . do . 

E.H.  Shuster . ! . do . 

Pay-roll  of  employes . i  Salaries,  October,  1887 . 


9  GEOL - 12 


$1,228.20 
53. 85 
201.85 
28.75 
65.70 
32.50 
15.00 
411.72 
60.35 
30. 47 
30.87 
698.40 
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Abstract  of  disbursements  made  by  Arnold  Hague,  etc. — Continued.  . 


Date 
of  pay¬ 
ment. 

N o .  of 
voucher. 

To  whom  paid. 

1887. 
Nov  19 

13 

E.  A  Rouse . 

19 

14 

Arnold  Hague . 

19 

15 

. do  ' . .  r. . 

21 

16 

J.  C.  McCartney . 

30 

17 

Pay-roll  of  employes . 

Dec.  1 

18 

A.  C.  Gill . 

5 

19 

A.  Lamme  &  Co . 

5 

20 

H.  J.  Hoppe . 

21 

21 

Henry  J.  Green . 

31 

32 

Pay-roll  of  employes . 

For  what  paid. 

Amount. 

Forage  public  animals . 

$44. 80 
83.  60 
88. 79 
40.27 

678. 20 
22.90 

180. 70 
5.90 
55.15 

724.20 

Traveling  expenses . 

Miscellaneous  expenses . 

Field  supplies . 

Salaries,' November,  1887  . 

Traveling  expenses .  . 

Field  subsistence . 

. do . 

Instruments  and  repairs . 

Salaries,  November,  1887 . 

4,782. 17 

Abstract  of  disbursements  'made  by  A.  O.  D.  Taylor,  jr.,  special  disbursing  agent, 
U.  S.  Geological  Survey,  during  the  fourth  quarter  of  1887. 


1887. 
Oct.  4 
11 
11 
11 

13 

13 

14 
18 
18 
25 
25 
25 

25 

26 
26 
26 
26 
26 
26 
26 

26 

31 

31 

31 

31 

31 

31 

31 

31 

31 

Nov.  3 
4 


10 

10 

10 

11 

26 

29 

30 
30 
30 
30 
30 

Dec.  2 
6 
6 
6 
6 
14 
14 
14 

14 

15 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 


T.  Nelson  Dale . 

L.  E.  Paddock . 

. do . 

_ do . 

William  H.  Hobbs . 

Henry  W.  Cozzens,  jr _ 

H.  L.  Smyth . 

Buff  &  Berger . 

Darling,  Brown  &  Sharpe 

W.&  L.E.  Gurley . 

Henry  J.  Green . 


J.  Eliot  Wolff . 

Ben.  K.  Emerson . 

T.  Nelson  Dale  . 

. do . 

J.  H.  Flagg . 

H.  L.  Smyth . 

W.  M.  Davis . 

. do . 

C.  L.  Whittle . 

Raphael  Pumpelly . 

T.  Nelson  Dale . 

A.  O.  D.  Taylor,  jr . 

H.  L.  Smyth . 

W.  R.  Smyth . 

James  McCormick . 

J.  F.  Allison . 

A.  Prescott  Baker . 

H.  L.  Smyth . 

. do . 

Newport  Transfer  Express  Com¬ 
pany. 

Algernon  B.  Corhin . 

Western  Union  Telegraph  Com¬ 
pany. 

Michael  Cottrell . 

Adams  Express  Company . 

New  York  and  Boston  Dispatch 
Express  Company. 

C.L.  Whittle  . 

Frost  &  Adams . 

Raphael  Pumpelly . 

H.  L.  Smyth . 

T.  Nelson  Dale . 

A.  O.  D.  Taylor,  jr . 

A.  Prescott  Baker . 

W.  R.  Smyth . 

. do . 

Raphael  Pumpelly . 

H.  L.  Smyth . 

. do . 

Ben.  K.  Emerson . . . 

C.L.  Whittle . 

J.  Eliot  Wolff . 

Raphael  Pumpelly . 

Knefifel  &  Esser . 


Traveling  expenses . 

. do . 

Incidental  expenses . 

Pay  for  services  in  July  and  Au¬ 
gust,  1887. 

Traveling  expenses . 

One  fuse  cartridge . 

Incidental  field  expenses . 

Repairing  alidade,  etc . 

One  steel  rule . 

Instruments,  etc . 

One  aneroid  barometer,  etc . 

(Disallowed.) 

Miscellaneous  field  expenses . 

Traveling  expenses . 

. do . 

Miscellaneous  field  expenses . 

Team  hire . 

Field  expenses  and  subsistence ...  . 

Traveling  expenses . 

Services  in  July,  August,  and  Sep¬ 
tember,  1887. 

Traveling  expenses . 

Pay  for  October,  1887 . 

. do . 

. . do . 

. do . 

. do . 

. do . 

. do . .* _ 

Rent  for  October . 

Traveling  expenses . 

Miscellaneous  field  expenses . 

Freight  and  cartage . 

Stationery,  etc . 

Telegrams . 

One  chest  of  drawers . 

Express  charges . 

. do . 

0 

Field  expenses . 

Drawing  materials . 

Pay  for  November,  1887 . 

. do . 

. do . 

. do . 

Rent  for  November,  1887 . 

Traveling  expenses . 

Pay  for  November,  1887 . 

Traveling  expenses . 

. do . 

Miscellaneous  expenses . 

Traveling  expenses . 

. do .  . 

Pay  for  November.  1887 . 

Office  expenses . 

Drawing  material . 


$24. 88 
15.30 
5.88 
40.00 

24.84 

2.25 

85. 25 
17.60 

6.50 

17.07 

24.25 


5.03 
142.22 
48.91 
14.15 
175. 45 
201.71 

18.90 
17.50 

24. 00 
337. 00 
150.00 
101.10 
84.20 
40.00 
9.03 

12. 90 
50.00 
12.27 
87.72 
12.03 

9.33 

6.15 


28.00 
3. 65 
5.75 


12.78 
23. 96 
326.00 
81.60 
150.00 
97.80 
50.00 
8.47 
9.33 
116.00 
11.04 
45.40 
63. 61 
82.18 
55.43 
39. 90 
12. 76 
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Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr,,  etc—  Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Dec.  17 

55 

C.L.  Whittle . 

Pay  for  October  and  November, 

$37.73 

31 

56 

Raphael  Pumpelly . 

1887. 

Pay  for  December,  1887 . 

337  oo 

31 

57 

H.  L.  Smyth . . 

.....  do . 

84.20 

*  31 

58 

T.  Nelson  Dale . 

. do . 

150  00 

31 

59 

A.  O.  D.  Taylor,  jr . 

. do . 

101. 10 

31 

60 

Henry  Bull,  jr . 

Telephone  rent . 

11.50 

31 

61 

A.  Prescott  Baker . 

Rent  for  December,  1887 . 

50.00 

31 

62 

J.  Eliot  Wolff . 

Pay  for  December,  1887 . 

48. 91 

31 

63 

Richard  Bliss . 

Bibliographical  work . 

71.40 

3, 938. 92 

Abstract  of  disbursements  made  by  Fielding  Burnes,  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  fourth  quarter  of  1887. 


Miscellaneous  field  expenses . 

. do . 

Willard  D.  Johnson . 

. do . 

C.  C.  Bassett . 

Robert  D.  Cummin . 

. do ...  . 

. do . 

. do . 

E.  C.  Robinson . 

Transportation  . 

E  W  F.  Natter . 

Miscellaneous  field  expenses . 

S  H  Bodfish  . 

. do . 

. do . 

Traveling  expenses . . . 

E  W  F  Natter . ' . 

. do .  r. . .  . . 

. do . 

. do .  . . 

. do . 

W.  H.  Lovell . 

Miscellaneous  field  expenses. . . . 

E  B  Clark . 

. do . 

O  O.  Rassett  . 

. do . 

Traveling  expenses . 

Willard  I  >.  Johnson . 

Miscellaneous  field  expenses . 

Traveling  expenses  .  . 

E  W  F  Natter  . 

. do . 

Miscellaneous  field  expenses . 

. do . 

....  do . 

Services,  October,  1887 . 

William  H.  Lovell . 

. .  . .  do . 

C  J  Akin  . 

. do . 

. do . 

.  do . 

. do . 

. .  do . 

. do  . 

. . . do . 

. . .  do . 

. do . 

. do . 

. do . 

Fielding  Burnes . . 

Services,  July  1  to  October  31,  1887. 
Traveling  expenses . 

. do . 

Miscellaneous  field  expenses . 

....  do . 

. do . 

. do . 

. . . do . 

Services . 

Miscellaneous  field  expenses . 

....  do . 

. do . 

Traveling  expenses . 

Transportation . 

Miscellaneous  field  expenses . 

William  TT  Rnvpll 

...  .  do . 

. . . do . 

Traveling  expenses . 

E  R  TJark 

. do  . 

W  E  Hnrtnn  . 

. do . . 

. .  do . 

Miscellaneous  field  expenses . 

1887. 


6 

1 

6 

2 

6 

3 

7 

4 

7 

5 

ry 

i 

6 

10 

7 

10 

8 

11 

9 

12 

10 

15 

11 

15 

12 

18 

13 

19 

14 

19 

15 

19 

16 

21 

17 

22 

18 

24 

19 

25 

20 

25 

21 

27 

22 

27 

23 

31 

24 

31 

25 

31 

26 

31 

27 

31 

28 

31 

29 

31 

30 

31 

31 

31 

32 

31 

33 

31 

34 

31 

35 

31 

36 

31 

37 

31 

38 

1 

39 

2 

40 

2 

41 

2 

42 

3 

43 

4 

44 

4 

45 

4 

'  46 

4 

47 

7 

48 

8 

49 

8 

50 

10 

51 

17 

52 

17 

53 

18 

54 

18 

55 

19 

56 

19 

57 

21 

58 

21 

59 

$28. 10 
51.00 

105. 15 
59.17 
55.48 

56.78 
200. 00 
281.53 
202. 06 

24. 65 

45. 79 

30. 59 
26.36 

33. 84 
55.00 

62.25 

2.15 

105. 87 
7.19 

24. 85 
238.40 

59.67 

89.62 

84.20 

84.20 

60.00 

84.20 

101.10 

75.80 

50.50 
50.00 
50.00 
50.00 

1,021.82 

168. 50 
50. 00 

84.20 

601.60 

15.75 

66. 51 
66. 71 

2.00 
109. 76 
87. 31 
59. 46 
1.66 
62.00 
130. 86 
272. 75 

27. 15 
170. 97 
109. 90 

59. 50 
39.45 
44.00 

17.60 

15. 25 
62.12 

118. 50 
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Abstract  of  disbursements  made  by  Fielding  Burnes,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Nov.  21 

60 

Sumner  H.  Bodfish . 

Miscellaneous  field  expenses . 

$79.72 

51.50 

22 

61 

E.  B.  Clark . 

. do . 

22 

62 

C.  C.  Bassett . 

. do . 

25.68 

22 

63 

. do . 

Traveling  expenses . 

26. 01 

22 

64 

James  Longstreet,  jr . 

. do . 

15.77 

23 

65 

E.W.F.  Natter . 

Miscellaneous  field  expenses . 

303*44 

23 

Laurence  Thompson . 

Traveling  expenses . 

18.35 

23 

67 

C.  J.  Akin . 

....  do .  r. . . .  t . 

15.74 

23 

68 

E.  G.  Kennedy . 

. do . 

1.95 

26 

69 

E.  W.  F.  Natter . 

. do . 

36.15 

28 

70 

Laurence  Thompson . 

Miscellaneous  field  expenses . 

112.  90 

28 

71 

E.  C.  Robinson . 

Transportation  . 

38.33 

28 

72 

J.  H.  Jennings . 

Traveling  expenses . 

16.60 

30 

73 

Sumner  H.  Bodfish . 

Services,  November,  1887  . 

163. 00 

30 

74 

Pay-roll  of  employes . 

. do . 

765. 40 

30 

75 

. do . *. . 

. do . 

1,099.20 
21. 18 

Dec.  2 

76 

Lawson  Sandford . 

Traveling  expenses . 

10 

77 

Sumner  H.  Bodfish . 

, . . do . 

44.43 

10 

78 

E.W.F.  Natter . 

, . .  do . . . 

19. 90 

21 

79 

. do . 

. do . 

14.05 

31 

80 

Fielding  Burnes . 

Services,  December,  1887  . 

151. 60 

9,021.73 

Abstract  of  disbursements  made  by  R.  R.  Hawkins,  special  disbursing  agent, 
XJ.  S.  Geological  Survey,  during  the  fourth  quarter  of  1887. 


1 

A.  Carlisle  &  Co . 

Field,  laboratory,  and  office  supplies . 
Services,  October  1  to  10,  1887,  in¬ 
clusive. 

Field  expenditures . 

2 

F.  C.  Boyce . 

3 

H.  W.  Turner . 

4 

. do . 

. do . 

5 

Albert  Lasey . 

Map . 

6 

Charles  McLaren . 

Services,  October,  1887 . 

7 

Albion  S.  Howe . 

. do . 

8 

Pay-roll 

. do . 

9 

Frank  Rader  .... 

.  do . 

10 

G.  W.  Grannis . 

Rent  of  rooms . 

11 

E.  M.  Sleator . 

Map . 

12 

W.  Lindgren . 

Field  expenditures . 

13 

. do  . 

Traveling  expenses . 

14 

A.  J.  Bien . 

Repairs . 

15 

H.  W.  Turner . 

Field  expenditures . 

16 

.  do . 

Traveling  expenses . 

17 

Frank  Rader . 

Services,"  November  1  to  15,  1887,  in¬ 
clusive. 

....  do . 

18 

Pay-roll . 

19 

Albion  S.  Howe . 

. do . 

20 

Martin  Peterson  . 

Laboratory  fixtures,  etc . 

21 

H.  L.  Howse . 

Laboratory  and  office  supplies . 

22 

George  Spaulding  &  Co  . . 

Labels . 

23 

L.  A.  Bertling . 

Magnifying  glass,  etc . 

24 

J.  J.  Vasconcellos . 

Field  and  office  supplies . 

25 

L.  Jones . 

Services . 

26 

(Disallowed.) 

Services,  December,  1887  . 

27 

Pay-roll . 

28 

Albion  S.  Howe . 

. do . 

29 

G.  W.  Grannis  . . 

Rent  of  rooms . 

30 

R.  R.  Hawkins . 

Sundry  cash  expenditures . 

1887. 
Oot.  25 

27 

28 
28 
28 
31 
31 
31 
31 

Nov.  1 
2 

4 

5 
9 

14 

14 

14 

20 

30 

Dec.  2 

6 
6 
6 
6 
6 

31 
31 
31 
31 
31 


$52. 75 
20.00 

30.81 

48.60 
10. 00 
65.00 
60.00 

591.30 

30.00 

105.32 

3.50 

50.60 
5.25 

10.20 
35.29 
19.45 
15. 00 

572. 40 
60.00 
16.11 
7. 65 
5.00 

2.50 
9.05 
4. 05 

591.30 
60.00 
105. 32 
23.83 


2, 610. 28 


Abstract  of  disbursements  made  by  Alfred  M.  Rogers,  disbursing  agent,  XJ.  S.  Geo¬ 
logical  Survey,  during  the  fourth  quarter  of  1887. 


1887. 
Oct.  10 

1 

P.  H.  Van  Diest . 

Services,  October  10,  1887 . 

$4.50 

36.35 

15 

2 

S.  F.  Emmons . 

Traveling  expenses  . . 

26 

3 

Robert  Mason . 

Services,  October  21  to  25,  1887,  in- 

10.25 

31 

4 

Pay-roll  . . 

elusive. 

October,  1887 . 

763. 1 1 

Nov.  28 

5 

U.  Robinson . 

Services . 

1.00 

30 

6 

Pay-roll . 

November,  1887  . 

696. 60 
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Abstract  of  disbursements  made  by  Alfred  21.  Rogers ,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

N  o.  of 
|  voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1887. 
Dec.  10 

7 

M.  McIntyre . 

Services . . 

$6.25 

11.00 

89. 28 
10. 77 

59. 90 
40. 27 
31.53 

27. 75 
23. 85 
41.06 

52.29 
50. 15 
14. 70 

11.30 
6.61 

65. 90 
1,000.00 

52.00 

76. 75 
159.40 
693.70 
187. 60 

37  50 

10 

8 

B.  F.  McCracken . 

Field  subsistence 

12 

9 

Block  &  Carlisle . 

12 

10 

. do . 

14 

11 

John  McCosker . 

14 

12 

Miller  &  Miller . 

16 

13 

Wallace  &  Fraser . 

Field  subsistence  . 

16 

14 

W.  B.  Smith . 

Traveling  expenses 

19 

15 

Dumbaugh  &  Joy . 

Field  subsistence. 

19 

16 

. do . 

19 

17 

10 

18 

C.  Weinberger . 

Traveling  expenses 

10 

19 

A.  Glover . 

10 

20 

Charles  J  ulian . 

31 

21 

A.  J.  Allison . 

Field  subsistence 

31 

22 

S.  F.  Emmons . 

Traveling  expenses  . . 

31 

23 

. do . 

Pay,  October  1  to  December  31,  1887. 

31 

24 

E.  H.  Hill . 

31 

25 

Scott  &  Murch . 

Transportation  of  propprfy 

31 

26 

Sam  P.  Barber . 

Rent  . 

31 

27 

Pay-roll . 

December,  1887 

31 

28 

C.  Whitman  Cross . 

Traveling  expenses 

31 

29 

The  Denver  Water  Company . 

Laboratory  expenses  . 

31 

30 

Chain,  Hardy  &  Co . 7  . . ." . 

73.28 
61.42 
.80 
15.00 
2.67 
2.15 
11.50 
i  no 

31 

31 

V.  F.  Axfell ' . 

Field  expenses . . 

31 

32 

Daniels  &  Fisher . 

Transportation  of  property 

31 

33 

H.  E.  Sylvester  &  Co . 

Office  supplies  . 

31 

34 

R.  M.  Davis . 

Photo,  material 

31 

35 

W.  H.  Lawrence  &  Co . 

Stationery . 

31 

36 

W.  G.  Trimble . 

31 

37 

H.  Z.  Salomon . 

Office  supplies  . . 

31 

38 

C.  A.  Roberts  &  Co . 

Office  material  and  supplies 

1.00 

13.70 

30.48 

2  50 

31 

39 

Kerstens,  Peters  &  Co . 

Office  supplies  and  transportation 
of  property. 

Laboratory  material  and  transpor¬ 
tation  of  property. 
Correspondence . 

31 

40 

J.  O.Bosworth . 

31 

41 

Denver  post-office . 

31 

42 

Wells,  Fargo  &  Company’s  Ex¬ 
press. 

William  L.  Patten  &  Co . 

Transportation  of  property . 

9.00 

31 

43 

Field  material . 

11.68 

31 

44 

Dan  Phillips . 

Services,  October,  November,  and 
December,  1887. 

Office  supplies . 

9.90 

6.65 

31 

45 

William  Dingle . 

31 

46 

Peter  McCourt . 

Rent . 

150. 00 

31 

47 

Denver  and  Rio  Grande  Railroad 

Transportation  of  property . 

17.05 

Company. 

4, 687. 15 

Abstract  of  disbursements  made  by  Jno.  II.  Renshawe,  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  fourth  quarter  of  1887. 


1887. 
Oct.  3 
6 
7 


7 

7 

7 

15 

15 

18 

19 

20 
23 
23 
27 
31 
31 
31 

2 

2 

2 

2 

2 


Nov. 


1 

H.  L.  Baldwin,  jr . 

Field  expenses . 

2 

S.  S.  Gannett . 

. do .  t . 

3 

H.  B.  Blair  _ 

. do . 

4 

. do . . 

. do . 

5 

Pay-roll . 

Services,  September . 

6 

. do . 

. do ....  .* . 

7 

. do . 

. do . 

8 

J.  E.  Hill . 

. do . 

9 

Traveling  expenses . 

10 

S.  S.  Gannett  . 

Field  expenses . 

11 

G.  J.  Corscot . 

1  atlas  (Dane  County,  Wis.) . 

12 

A.  L.  S keels  . 

Hotel  bill,  etc . 

13 

Field  expenses  . 

14 

. do . 

15 

Hotel  bill . 

16 

Services . 

17 

C  T  Reid 

.  do . 

18 

. do . 

19 

Traveling  expenses . 

20 

Forage,  etc . 

21 

Services,  October . 

22 

. do . 

23 

$117. 51 
190.10 
144. 47 
139. 95 

298. 40 
347. 00 
293. OO 

60.00 
104. 52 
298. 50 
15. 00 
22.00 
21.44 
77. 32 
20.75 
198. 90 
100.00 
210. 60 
37.05 
17. 50 
305. 80 

271.40 
353.70 


0 


182 


ADMINISTRATIVE  REPORTS  BY 


Abstract  of  disbursements  made  by  John  H.  Renshawe,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No .  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

Ot 

00  V 
CO  > 

^  c 
£ 

24 

J.E.  Hill  . 

Services,  October . 

$30.00 

37.50 

5 

25 

Riley  &  Corcoran . 

Hire  horse,  etc . 

7 

26 

A.  L.  Skeels . 

Hotel  bill..' . 

29.85 

8 

27 

S.  S.  Gannett . 

Traveling  expenses . 

15.65 

8 

28 

. do . 

Field  expenses . 

133.51 

13 

29 

William  J.  Peters . 

Traveling  expenses . 

16. 61 

12 

30 

C.T.  Reid . 

. do . 

23.79 

18 

31 

M.  J.  Ryan . 

Hire  self  and  team . v . 

28. 50 

20 

32 

William  J.  Peters . 

Field  expenses . 

119.25 

26 

33 

H.  L.  Baldwin . 

. do." . 

45.35 

26 

34 

Yan  H.  Manning,  jr . 

Traveling  expenses . 

45.25 

26 

35 

W.  E.  Lackland . 

. do .  T. . .  . 

47. 60 

26 

36 

H.  L.  Baldwin,  jr . 

. do . 

67. 90 

26 

37 

George  T.  Hawkins . 

. ....  do . 

49.45 

26 

38 

William  H.  Herron . 

. do . 

60.22 

26 

39 

Basil  Duke . 

. .  .do . 

35.25 

26 

40 

H.B.  Blair . 

.  do . 

35. 00 

26 

41 

John  H.  Renshawe . 

30.14 

26 

42 

. do . 

Field  expenses . 

54.82 

30 

43 

H.  H.  Lee . 

Services*  September  1  to  October 

37. 90 

Dec.  1 

44 

J.  P.  Powell . 

16,  1887,  inclusive. 

Services,  September  9  to  October 

30.64 

6 

45 

Basil  Duke . 

15,  1887,  inclusive. 

Services,  November  1  to  30, 1887,  in- 

50.00 

6 

46 

H.B.  Blair . 

elusive. 

Field  expenses . 

226. 99 

12 

47 

J.  H.  Hagerty . 

Care  of  stock . 

31.45 

14 

48 

Ernest  M.  Warren . 

Care  of  stock,  etc . 

64. 00 

15 

49 

Ira  M.  Buell . 

Field  expenses . 

14.50 

16 

50 

C.T. Reid  . 

Traveling  expenses . 

38.00 

17 

51 

J.  Peach . 

Services,  November  27  to  December 

14.00 

17 

52 

Frank  Shanks . 

3,  1887. 

. do . 

14.00 

17 

53 

William  J.  Peters . 

Field  expenses . 

54.90 

22 

54 

. do . 

Traveling  expenses . 

31 

55 

. do . 

Field  expenses . 

135. 90 

31 

56 

C.T.  Reid . 

Traveling  expenses . 

36.80 

31 

57 

. do . 

Field  expenses . 

14.30 

31 

58 

Ernest  M.  Warren . 

Care  of  stock,  etc . 

64.00 

31 

59 

J.  H.  Hagerty . . . 

25.00 

5, 468. 78 

Abstract  of  disbursements  made  by  G.  K.  Gilbert ,  disbursing  agent,  U.  S.  Geological 
Survey,  during  the  fourth  quarter  of  1887. 


1887. 
Oct.  7 

1 

G.K.  Gilbert . 

Traveling  expenses . 

$59.78 
337. 00 

31 

2 

. do . 

Services,  October,  1887  . . . 

Nov.  30 

3 

. do . 

Services,  November,  1887 . 

326. 00 

Dec.  31 

4 

. do . 

Services,  December,  1887 . 

337.00 

1,059.78 

Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  chief  disbursing  clerk,  U. 
S.  Geological  Survey,  during  the  first  quarter  <  f  1888. 


1888. 
Jan.  12 

13 

13 

14 
16 

16 

16 

16 

16 


1 

Z.  D.  Gilman . 

Photographic  and  laboratory  sup¬ 
plies. 

Services,  November  1  to  December, 
31,1887. 

Publications . 

2 

M.  P.  Felch . 

3 

Robert  Beall . 

4 

H.  O’Brien . 

Stationery . 

National  Press  Intelligence  Com¬ 
pany. 

Charles  H.  Kraft . 

Newspaper  clippings . 

6 

Laboratory  supplies . 

J.  F.  Sabin . 

Publications  .  T  .* . 

8 

W.  H.  Walmsley  &  Co . 

Photographic  supplies . 

9 

Missouri  Pacific  Railway  Com¬ 
pany. 

Transportation  of  assistants . 

$150. 61 

250.00 

7.50 

19.00 

8.85 

23. 46 
4.00 
3.75 
92.70 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 
Jaii.  16 

10 

Frank  Sutton . 

Services,  December,  1887  . 

175.80 
60. 00 

16 

11 

Albert  Williams,  jr . 

. do . 

16 

12 

. do . 

Services,  January,  1888  . 

60.00 

16 

13 

George  M.  Turner . 

Services . 

30.00 

16 

14 

Adams  Express  Company . 

Freight  charges . 

239. 70 

17 

16 

Thomas  C.  Basshor  &  Co . 

Laboratory  supplies . 

4.08 

17 

16 

H.  W.  Johns  Manufacturing  Com¬ 
pany. 

Eimer  &  Amend . 

.  .  .  do .V . 

4.70 

17 

17 

Laboratory  material . 

12.35 

17 

18 

Atchison,  Topeka  and  Santa  Fe 
Railroad. 

J.  B.  Hatcher . 

Freight  charges  . 

4.03 

18 

19 

Miscellaneous  field  expenses . 

90.00 

19 

20 

Mutual  District  Messenger  Com¬ 
pany. 

Pennsylvania  Railroad  Company. 
Eimer  &  Amend . 

Rent  of  night  watch . 

5.30 

19 

21 

Transportation  of  assistants . 

19.20 

19 

22 

Laboratory  supplies . 

24.20 

19 

23 

William  Greenow . 

. do . 

88.00 

19 

24 

Wyckoff,  Seamans  &  Benedict _ 

Houghton,  Mifflin  &  Co . 

Office  furniture  and  repairs . 

89.50 

SO 

25 

Publications . 

6.50 

SO 

26 

C.  W.  Hayes . 

Services,  December,  1 887  . 

50.00 

20 

27 

J.  Karr . 

Repairs  to  office  clocks  . 

10.00 

20 

28 

Joseph  Thomas  &  Son . 

Office  furniture . 

95. 00 

21 

29 

E.  S. "Boyd . 

Publications . 

20.00 

23 

30 

C.  W.  Hall . 

Traveling  expenses . 

28.53 

24 

31 

Gottlieb  Spitzer  . . 

Office  furniture . 

5.00 

24 

32 

A.  M.  Coyle . 

Instruments . 

7.50 

25 

33 

J.  B.  Hatcher . 

Services,  October  1  to  December  31, 
1887. 

Services,  December,  1887  . 

480.00 

26 

34 

Warren  Upham . 

101.10 

26 

35 

Robert  Boyd . 

Office  and  field  supplies  . . 

60.  60 

26 

36 

George  W.  Knox . 

Freight  charges  and  hauling . 

Services,  January,  1888  . 

48. 16 

31 

37 

W.  D.  Heistand . 

50.00 

31 

38 

W.  S.  Bayley . 

. do . 

60.00 

31 

39 

W.  N.  Merriam . 

. do . 

119.20 

31 

40 

Roland  D.  Irving . 

. do . . 

255. 50 

31 

41 

J.  B.  Hatcher  . 

. do . 

160.00 

31 

42 

Samuel  H.  Scudder . 

. do . 

212. 90 

31 

43 

Lawrence  C.  Johnson . 

. do . 

119.20 

31 

44 

O.  C.  Marsh . 

. do . 

340. 70 

31 

45 

G. Baur . 

. do . 

140.00 

31 

46 

E.  H.  Barbour . 

. do . 

136.  30 

31 

47 

F.  Berger . 

. do . 

70.00 

31 

48 

L.  P.  Bush . 

. do . 

50.00 

31 

49 

J.  Henry  Blake  .... 

. do . 

153. 30 

31 

50 

Frank  Sutton . 

. do . 

76.60 

31 

51 

Walter  L.  Webb . 

. do . 

100. 00 

31 

52 

Pay-roll  of  employes . 

. do . 

3, 662. 00 
2, 512. 90 

31 

53 

. do . 

. do . 

31 

54 

. do . 

. do . 

3,092.60 
3, 102.  20 
704. 70 

31 

55 

. do . 

. do  . 

31 

56 

. do . 

. do . 

31 

57 

. do . 

. do . 

380. 10 

31 

58 

George  W.  Shutt  . . 

. do . 

255. 50 

Feb.  1 

59 

Western  Union  Telegraph  Com¬ 
pany. 

George  Ryneal  jr  . . 

Telegrams . 

3. 91 

1 

60 

Office  supplies,  etc . 

93. 98 

1 

61 

E.  E.  Jackson  &  Co . 

Lumber . 

38.53 

1 

62 

United  States  Express  Company. 
Wasnington  Gas-Light  Company. 
James  Guild . 

Freight  charges . 

76.25 

1 

63 

Gas  for  January,  1888  . 

129.77 

1 

64 

Publications . 

8.50 

1 

65 

Atchison,  Topeka  and  Santa  Fe 
Railroad. 

Gulf,  Colorado  and  Santa  F6  Rail¬ 
road. 

Pennsylvania  Company . 

Transportation  of  assistants . 

113.55 

1 

66 

. do . 

37.80 

1 

67 

. do . 

52.50 

1 

68 

Arthur  Keith 

Services,  January,  1888 . 

50. 00 

1 

69 

N.  S.  Shaler  . 

. do . 

260.00 

1 

70 

Leo  Lesquereux  . 

. do . 

75. 00 

1 

71 

James  G.  Bowen . 

Hire  of  horse  and  care  of  public  an¬ 
imals. 

Care  of  public  animals . 

82.20 

2 

72 

B  F  McCaully  &  Co  . 

27. 50 

3 

73 

Charles  D.  Walcott . 

Services,  January,  1888  . 

170. 30 

3 

74 

Photographic  supplies . 

77.82 

3 

75 

Services,  January,  1888 . 

58. 50 

3 

76 

Ernest  M.  Warren . 

Care  and  forage  "of  public  animals. . 
Office  furniture . 

64.00 

4 

69.25 

4 

78 

Stationery,  etc . 

8.19 

4 

79 

Laboratory  supplies . 

77. 95 

4 

80 

Royce  and  Marean . 

Electrical  supplies . 

3.90 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


1888. 
Feb.  4 

6 

0 

6 

6 


7 

8 
8 
9 

10 

10 

10 

13 

13 

15 

17 

17 

17 

17 

20 

20 

21 

23 

23 

25 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

Mar.  2 
Feb.  29 
Mar.  1 
1 
1 
1 
2 
2 


No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

81 

Pay-roll  of  employes . 

Services.  January,  1888 . 

82 

Wyckoff,  Seamans,  &  Benedict . . 
Melville  Lindsay . 

Office  supplies . 

83 

. do.  .*.* . 

84 

C.  R.  Van  Hi.se” . 

Services  during  January,  1888 . 

Services  during  December,  1887, 
January,  1888. 

Services,  January,  1888 . 

85 

J.  Park  Channing . 

86 

Collier  Cobb . 

87 

88 

Albert  Williams,  jr . 

Lawrence  C.  Johnson . 

Services,  January  16  to  31, 1888  . 

Traveling  expenses . 

89 

Photo.  Engraving  Company . 

Nine  original  drawings . 

90 

Smedley  Bros.  &  Co .  , 

Freight  charges . 

91 

C.  W.  Hayes . 

Services,  January,  1888 . 

92 

W.  H.  Lowdermilk  &  Co . 

Publications .  . 

93 

Hannibal  and  St.  .Joseph  Railroad 
Baltimore  and  Ohio  Railroad . 

Transportation  of  assistants . 

94 

Freight  charges . 

95 

J.  D.  Free,  jr. . . 

Publications  . . 

96 

W.  J.  McGee . 

Traveling  expenses . 

97 

Missouri  Pacific  Railway  Com¬ 
pany. 

J.  H.  Hagerty . 

Transportation  of  assistants . 

98 

Care  and  forage  of  public  animals. . 
Making  chisels . 

99 

H.  Rosendale . 

100 

Rogers  Steam  Laundry . 

Laimdrying  towels .  . 

101 

Capitol  Steam  Laundry . 

.  do . 

102 

Western  Union  Telegraph  Com¬ 
pany. 

R.  S.  Tarr . 

Telegrams . . . 

103 

Services,  November  7  to  30, 1887 . 

104 

Albert  Williams,  jr . 

Services,  February  1  to  21, 1888 . 

105 

E.  E.  Jackson  &  Co . 

Office  supplies  and  repairs . 

106 

L.  H.  Schneider’s  Son . 

Office  and  laboratory  supplies . 

107 

Lawrence  C.  Johnson . 

Traveling  expenses . 

108 

Gustav  E.  Stechert . 

Publications . 

109 

J.  Bishop  &  Co . 

Chemical  material . 

110 

Roland  D.  Irving . 

Services,  February,  1888 . 

111 

Walter  L.  Webb  . . 

. do . . . " . 

112 

Samuel  H.  Scudder . 

. do . 

113 

Leo  Lesquereux . 

. do . 

114 

Charles  J.  Cohen . 

Laboratory  supplies . 

115 

Henry  A.  Clarke  &  Son . 

Office  supplies . 

116 

M.  W.  Beveridge . 

Office  furniture . 

117 

Mutual  District  Messenger  Com¬ 
pany. 

William  H.  Butler . 

Rent  of  night  watch . 

118 

Supplies,  etc . 

119 

Royce  &  Marean  . 

Electrical  supplies . 

120 

Pay-roll  of  employes . 

Services,  February,  1888 . 

121 

......  do . * . . ~ . 

. do . 

122 

. do . 

. do . 

123 

. do . 

. do . 

124 

. do . 

. do . 

125 

. do . 

. do . 

126 

George  W.  Shutt . 

. do . 

127 

John  E.  Ferguson . 

. do . 

128 

Arthur  Keith . 

. do . 

129 

N.  S.  Shaler  . 

. do . 

130 

J.  Henry  Blake . 

. do . 

131 

Washington  Gas-Light  Company. 
David  T.  Day . 

Gas  for  February,  1888 . 

132 

Traveling  expenses . 

133 

James  G.  Bowen . 

Care  and  forage  of  public  animals. . 
Services,  February,  1888 . 

134 

J.  B.  Hatcher . 

135 

G.  Baur . 

. do . 

136 

H.  Gibb . 

Services,  January  and  February, 
1888. 

Services,  February,  1888  . 

137 

F.  Berger . 

138 

L.  P.  Bush . 

. do . 

139 

O.  C.  Marsh . 

. do . 

140 

W.  N.  Merriam . 

. do . 

141 

W.  S.  Bayley . 

142 

William  i).  He  stand . 

Services,  January  and  February, 
1888. 

Services,  February,  1888  . 

143 

W.  B.  Clark . 

144 

A.  S.  Witherbee  &  Co . 

Publications . 

145 

. do . 

. do . 

146 

. do . 

147 

W.  H.  Holmes . 

Traveliug  expenses. . . 

148 

Robert  Robertson . 

. do .  r. . 

149 

B.  F.  McCaully  &  Co . 

Care  and  forage  of  public  animals. . 
Freight  charges . 

150 

Adams  Express  Company . 

151 

C.  C.  Vermeule . *...." . 

Pay,  February,  1883 . 

152 

J.  H.  Hagerty . 

Care  and  forage  of  public  animals. . 

153 

Ernest  M.  Warren . 

Amount. 


$153.  30 
4.78 
6.i  7 
65. 00 
30.00 

50.00 
70. 00 
32.25 
40. 65 
21.94 
50.00 
80.30 
37. 50 

11.59 
25. 15 
136. 70 
37. 56 


25. 00 
10.20 
2.04 
1.09 
5. 01 


21.00 
90.00 
51.24 
68. 19 
58.35 
189. 03 
41.31 
239.00 
100. 00 
190.20 
75. 00 

22. 60 
9.05 

5.60 
5.00 


29.80 
4.00 

3, 585. 40 
3,011.40 
2,469.33 
2,831.70 
766. 10 
357. 30 
239. 00 

57. 40 
50.00 
250. 00 

143. 40 
140. 89 
48.35 
48.00 
160. 00 
140. 00 
120. 00 


70.00 
50. 00 
318.  60 

111.60 
60. 00 
50.00 

90.00 
8.00 
24.15 
68. 75 
45.80 
17. 51 
27. 00 
113.85 

143. 40 
25.00 
64.00 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc. — Continued. 


Date  , 
of  pay¬ 
ment. 

No.  of 
voucher. 

1888. 

Mar.  7 

154 

7 

155 

7 

156 

8 

157 

8 

158 

8 

159 

8 

160 

8 

161 

8 

162 

8 

163 

8 

164 

9 

165 

9 

166 

9 

167 

9 

168 

10 

169 

12 

170 

12 

171 

12 

172 

12 

173 

13 

174 

13 

175 

13 

176 

13 

177 

14 

178 

14 

179 

14 

180 

14 

181 

15 

182 

16 

183 

16 

184 

16 

185 

16 

186 

16 

187 

16 

188 

16 

189 

19 

190 

19 

191 

19 

192 

20 

193 

20 

194 

22 

195 

22 

196 

30 

197 

31 

198 

31 

199 

31 

200 

31 

201 

31 

202 

31 

203 

31 

204 

31 

205 

31 

206 

31 

207 

31 

208 

31 

209 

31 

210 

31 

211 

31 

212 

31 

213 

31 

214 

31 

215 

31 

216 

31 

217 

31 

218 

31 

219 

31 

220 

31 

221 

31 

222 

31 

223 

31 

224 

To  whom  paid. 


Frederick  G.  Rogers  . 

Chicago  and  Alton  Railroad . 

Henry  McShane  &  Co . 

0.  W.  Hayes . 

Hume,  Cleary  &  Co . 

Franklin  &  Co. .  . 

Z.  D.  Gilman . 

. do . 

James  D.  and  E.  S.  Dana  . . . 

Warren  Upham . 

G.  F.  Wright . 


For  what  paid. 


Lewis  G.  Stevenson . 

Mutual  District  Messenger  Com¬ 
pany. 

Robert  M.  Budd . 

Robert  Boyd . 

Charles  S.  Cudlip . 

Nat.  K.  Jones . 

The  Unexcelled  Fireworks  Com¬ 
pany. 

August  Frederick  Foerste . 

William  D.  Castle . 

A.  J.  Phinney . 

N.  S.  Shaler . 

. do . 

. do . . 

George  Ryneal,  jr . 

Henry  Bufford . 

Henry  A.  Clarke  &  Son  . 

Pennsylvania  Railroad  Company . 

John  E.  Ferguson . 

John  F.  Paret . 

H.  Rosendale . - . 


Laundrying  towels . 

Transportation  of  assistants . 

Chemical  supplies . 

Services,  February,  1888 . 

Photographic  supplies . 

Laboratory  supplies . 

.  do . 

Photographic  and  chemical  supplies 

Publications . 

Services,  February,  1888 . 

Services,  July  1,  1887,  to  March  1, 
1888. 

Traveling  expenses . 

Rent  of  night  watch . 


Publications . 

Supplies  for  repairs . 

Photographic  supplies . 

Services,  March  1  to  10,1888. 
Pasteboard  tubes . 


Traveling  expenses . 

Field  material  and  office  repairs . . . 

Services .  ... 

Traveling  expenses . 

. do  . 

. do . 

Photographic  and  office  supplies  . . 

Services,  November  1  to  11,1887 - 

Repairing  caligraph . 

Transportation  of  assistants . . 

Services,  March  1  to  11,  1888 . 

Stationery  and  office  supplies . 

Office  supplies . 


Western  Union  Telegraph  Com¬ 
pany. 

J  H  Mills  &  Co 

Telegrams . 

Office  supplies . 

Services,  January,  1888 . 

Albert  Williams,  jr . 

Services’  February  22  to  March  15, 
1888. 

Lumber . 

Services,  February,  1888  . 

W  H  Walmsley  &  Co 

Photographic  material . 

Photographic  supplies . 

Services . 

Atchison,  Topeka  and  Santa  Fe 
Railroad. 

Services . 

. do . 

Services,  March,  1888 . 

. do . 

. do . 

. do . 

. do . 

. do . i . 

....  do . 

, . . do . 

O  f!  Marsh 

. . . do . 

E.  H.  Barbour . 

Services,  February  1  to  March  31, 
1888. 

Services,  July  1,  1887,  to  January 
31,1888. 

Services,  January  1  to  March  31, 
1888. 

. do . 

William  McAdams . 

T.  A.  Bostwick . 

Services,  March,  1888 . 

. do . 

H  (ribh 

. do . 

. . . do . 

.  .do  . 

...  .do . 

...  do . 

. do . 

. do . 

. do . 

. . .  do . 

N  ft  fthalpr 

...  do . 

Arthur  Keith . 

Amount. 


$1.84 
27'.  75 
7.65 
50. 00 
.38 
.60 
11.70 
227. 14 
6.00 
95. 60 
80.00 


102. 20 

5.00 

4.00 
60.63 
125. 61 
16.13 

11.75 

42.20 

6.90 
250. 00 

76. 05 
46.10 
223.20 
12.25 
15.00 

8.50 
61.15 

21.76 
26.70 

7.50 
2. 67 

1.91 


17.40 
102. 20 
100.00 


53.85 
65. 00 
5.00 
1.20 
5.00 
16.60 

50. 00 
150. 00 
255. 50 

3. 832. 30 
3, 007. 40 

2. 574. 30 
3, 102. 90 

581.70 
382. 60 
119.20 

340. 70 

263. 70 


275. 00 


225. 00 


225. 00 
200. 00 
140. 00 
70. 00 
60. 00 
50.00 
100. 00 
255. 50 
85. 20 
212. 90 
153. 30 
75.00 
153. 30 
270.00 
50.00 
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Abstract  of  disbursements  made  by  Jno.-D.  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
|  voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 

Mar.  31 

225 

Albert  Williams,  jr . 

Services,  March  16  to  31,  1888  . 

$70. 00 

31 

226 

E.  H.  Hill . 

Care  and  forage  of  public  animals  . 

'60. 00 

31 

227 

Wyckoff,  Seamans  &  Benedict. . . 

Repairs  to  typewriter  . 

42.00 

31 

228 

Charles  D.  Walcott . 

Traveling  expenses . 

14.25 

31 

229 

R.  S.Tarr . 

. do . 

8.68 

31 

230 

W.  N.  Merriam . 

Services,  March,  1888  . 

119.20 

31 

231 

William  D.  Heistand . 

. do . 

50.00 

31 

232 

Robert  Robertson . 

. do . 

60.00 

31 

233 

R.  W.  Westbrook . 

Services,  January  1  to  March  31, 

180. 00 

1888. 

31 

234 

V.  F.  Axtell . 

Care  and  forage  of  public  animals  . 

172.20 

31 

235 

Roland  D.  Irving . 

Cash  paid  for  freight,  etc . 

48.61 

31 

236 

Samuel  P.  Barbour . 

Storage  of  public  property . 

25.00 

31 

237 

Washington  Gas-Light  Company. 

Gas  for  March,  1888 . 

122.76 

31 

238 

Washington  City  post-office . 

Rent  of  post-office  boxes . 

8. 00 

31 

239 

Chicago^  Rock  Island  and  Pacific 

Transportation  of  assistants . 

6.82 

Railroad. 

31 

240 

.T.  D.  Free,  jr . 

Library  supplies . 

48.00 

31 

241 

I.  P.  Bishop . 

Atlas . 

4.00 

31 

242 

James  G.  Bowen . 

Care  and  forage  of  public  animals . . 

46.95 

31 

243 

Charles  H.  Kraft . 

Laboratory  supplies . 

27.80 

31 

244 

Chesapeake  and  Potomac  Tele- 

Services,  January  1  to  March  31, 

155.50 

phone  Company . 

1888. 

31 

245 

Great  Falls  Ice  Company . 

Ice  for  January  1  to  March  31,  1888. 

39. 59 

57, 994. 92 

SALARIES,  OFFICE  OF  GEOLOGICAL  SURVEY. 


1888. 
Jan.  31 

1 

Pay-roll  of  employes . 

Services,  January,  1888  . 

3,026.50 
2, 832. 00 
3, 026. 50 

8, 885. 00 

Feb.  29 

2 

. do . 

Services,  February,  1888 . 

Mar.  31 

3 

. do . . . 

Services,  March,  1888  . 

Abstract  of  disbursements  made  by  C.  D.  Davis,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  first  quarter  of  1888. 


1888. 
Jan.  5 

1 

James  H.  Jennings . 

Traveling  expenses . 

$16. 86 
38  89 

14 

2 

Sumner  H.  Bodfish . 

Miscellaneous  Held  expenses . 

31 

3 

Pay-roll  of  employes . 

Services,  January,  18  8 . 

683  60 

739.35 

Abstract  of  disbursements  made  by  Mark  B.  Kerr,  special  disbursing  agent,  TJ.  S. 
Geological  Survey,  during  the  first  quarter  of  1888. 


1888. 

Jan.  20 

1 

E.  M.  Hasbrouck . 

20 

2 

A.  H.  Thompson . 

20 

3 

A.  T.  Kyle,  jr . 

20 

4 

. do . 

20 

5 

Litz  D.  Ermentrout . 

20 

6 

Amos  Scott . 

20 

7 

Arthur  P.  Davis . 

20 

8 

A.  P.  Anderson . 

20 

9 

G.  S.  Howard . 

20 

10 

W.  II.  Scott . 

31 

11 

Pay-roll  (office  and  field; . 

31 

12 

E.  J.  Owenhouse . 

Feb.  20 

13 

Nephi  Johnson . 

20 

14 

Charles  W.  Howell . 

20 

15 

A.  T.  Kyle,  jr . 

21 

16 

Western  Union  Telegraph  Com- 

pany. 

29 

17 

Pay-roll  (office  and  field) . 

29 

18 

L.  B.  Putney . 

Mar.  22 

19 

A.  T.  Kyle,  jr . 

Field  expenses . 

Traveling  expenses . 

Pasturage,  November,  1887 . 

Pasturage,  December,  1887 . 

Services . 

Pasturage,  November  and  Decem¬ 
ber,  1887. 

Field  expenses  . 

Pasturage . 

Storage  . 

Pasturage . 

Services,  January,  1888 . 

Storage  . 

Services,  December,  1887 . 

Services,  January,  1888 . 

Pasturage,  etc.,  January,  1888 . 

Telegrams . 

Services,  February,  1888 . 

Forage . 

Pasturage  and  storage,  February, 
1888. 


$7. 95 
189. 83 
44.97 

45. 95 
25. 00 

120.00 

59.95 
4. 52 
6.00 

46.00 

2,381.80 

30.00 

60.00 

60.00 

45.95 
9.72 


2,097.00 

54.00 

45.95 
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Abstract  of  disbursements  made  by  Mark  B.  Kerr,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

_ 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 
Mar.  31 

20 

Charles  W.  Howell . 

Services,  February  and  March,  1888. 

$120.00 

bl 

21 

Amos  Scott  . 

Services,  January  to  March,  1888. . . . 

180.00 

31 

22 

Nephi  Johnson . 

Services,  January,  1888 

60.00 

100.00 

31 

23 

_ Ado . . 

Services,  February  and  March,  1888. 

31 

24 

J.  T.  Miller . 

Pasturage,  January  to  March,  1888. . 

82.50 

31 

25 

W.  H.  Scott . 

Pasturage . 

69.00 
2, 231.50 

8, 180. 59 

31 

26 

Pay-roll  (office  and  field) . 

Services,  March,  1888 . 

Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  first  quarter  of  1888. 


1888. 

Jan.  20 
31 
31 
31 
31 
31 

Feb.  21 
23 
29 
29 
29 
29 
29 
29 

Mar.  15 
31 
31 
31 
31 
31 
31 
31 
31 
31 


1 

Sykes  &  Gwathmey . 

Maps . 

2 

Pay-roll,  Janu&ry,  1888 . 

Services . 

3 

W.'F.  Fling  .....". . 

Foraging  of  stock . 

4 

E.  M.  Harnsberger . 

. do  . 

5 

L.  Morgan . 

. do . 

6 

N.  B.  Dunn . 

. do . 

Thomas  W.  Sharrow . 

Field  expenses . 

8 

Gore,  Janney  &  Co . 

Supplies . 

9 

Pay-roll,  February,  1888 . 

Services . 

10 

W.  T.  Griswold . 

Traveling  expenses  . . 

11 

W.  F.  Fling . 

Forage  of  stock . 

12 

E.  M.  Harnsberger . 

.  do . 

13 

L.  Morgan . 

. do . 

14 

N.  B.  Dunn . 

. do . 

15 

W.  C.  Holbrook . 

Field  expenses . 

16 

W.  F.  Fling . 

Forage  of  stock . 

17 

E.  M.  Harnsberger . 

. do . 

18 

W.  F.  Latham . 

. do . 

19 

L.  Morgan . 

. do . 

20 

Elias  Foglesong . 

. do . 

21 

Z.  N.  Lockhart . 

. do . 

22 

J.  G.  Reeves . 

Forage  of  stock,  etc . 

23 

N.  B.  Dunn . 

Forage  of  stock . .  . 

24 

Pay-roll . 

Services,  March,  1888 . 

15.00 
2,734.90 
20.00 
50.00 
65.00 
166.50 
43.80 
3.25 
2, 590.  20 
14. 95 
20.00 
50.00 
65.00 
166. 50 

12. 50 
20.00 
50.00 

108.00 

65.00 

10.50 
15.00 

94.50 
166. 50 

2, 703. 97 


9,241.07 


Abstract  of  disbursements  made  by  Arnold  Hague,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  first  quarter  of  1888. 


1888. 

Jan.  10 

1 

E.  J.  Owenhouse . 

31 

2 

Pay-roll  of  employes . 

Feb.  6 

3 

Charles  H.  Stuart . 

17 

4 

Francis  C.  Phillips . 

29 

5 

Pay-roll  of  employes . 

Mar.  6 

6 

Joseph  Hart . 

22 

7 

Charles  H.  Stuart . 

31 

8 

Pay-roll  of  employ6s . 

Storage . 

$15.00 
755. 30 
106. 83 
75.00 
714. 40 
10.00 
96.00 
755. 30 

Salaries,  January,  1888  . 

Pa  turage . 

Analyses  of  gases . 

Salaries  for  February,  1888 . 

Services . ." . 

Pasturage . 

Salaries^  March,  1888  . 

2, 527. 83 

Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr.,  special  disbursing  agent, 
U.  S.  Geological  Survey,  during  the  first  quarter  of  1888. 


1888. 

Jan.  6 
31 
31 
31 
31 
31 
31 
31 

Feb.  2 
7 
7 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Charles  E.  Hammett,  jr 


Raphael  Pumpelly . 

T.  Nelson  Dale . 

A.  O.  D.  Taylor,  jr . 

H.  L.  Smyth . 

A.  Prescott  Baker . 

Newport  Water  Works .... 
Adams  Express  Company 

Keuffel  &  Esser . 

C.  H.  Codman  &  Co  . 


Stationery  supplies . 

(Disallowed.) 

Pay  for  January,  1888. . . 

. do . 

. do . 

. do . 

Rent . 

Six  months’  water  rates 

Express  charges . 

Drawing  materials . 

Photographic  supplies . . 


$3.85 


340.70 
150.00 
102.20 
85.20 
50.00 
9.00 
4.05 
15.41 
7. 65 


>88 


ADMINISTRATIVE  REPORTS  BY 


Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr.,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

1887. 

Feb.  7 

12 

8 

13 

8 

14 

15 

15 

17 

16 

20 

17 

24 

18 

29 

19 

29 

20 

29 

21 

29 

22 

29 

23 

Mar.  2 

24 

2 

25 

8 

26 

9 

27 

10 

28 

10 

29 

31 

30 

31 

31 

31 

32 

31 

33 

31 

34 

31 

35 

31 

36 

31 

37 

To  whom  paid. 


For  what  paid. 


Amount. 


H.  L.  Smyth . 

Eimer  &  Aurend . 

Scovill  Manufacturing  Company. 

Darling,  Brown  &  Sharpe . 

Raphael  Pumpelly . 

F.  E.  Swift . 

Newport  Transfer  Express  Com¬ 
pany. 

Raphael  Pumpelly . 

F.  E.  Swift . 

H.  L.  Smyth . 

T.  Nelson  Dale . . 

A.  Prescott  Baker . 

Richard  Bliss . 

J.  Eliot  Wolff . 

Benjamin  French  &  Co . 

Scovill  Manufacturing  Company . 

Raphael  Pumpelly . 

J.  A.  Williams . 

Raphael  Pumpelly . 

H.  L.  Smyth . 

A.  O.  D.  Taylor,  jr . 

T.  Nelson  Dale . 

Richard  Bliss . 

A.  Prescott  Baker . 

C.  H.  Codman  &  Co . 

Frost  &  Adams . 


Traveling  expenses . 

Photographic  supplies . 

. do. . 

One  steel  rule . 

Incidental  expenses . 

Board  bill  to  October  3,  1887  . 

Freight  and  cartage . 

Pay  for  February,  1888 . 

. do . 

. do . 

. do . 

Rent,  February,  1888 . 

Bibliographical  work . 

Pay  for  January  and  February,  1888. 

Photographic  materials . 

. do . 

Miscellaneous  expenses . 

Services . 

Pay  for  March,  1888 . 

. do . 

. do . 

. do . 

Bibliographical  work . 

Rent  for  March,  1888 . 

Photographic  supplies . 

Drawing  materials . 


$3.75 
6.60 
13.77 
10.00 
45. 54 
90. 50 
4.44 

318. 60- 
95.  60 
79.60 
150. 00- 
50.00 
36.00 

98. 90 
11.10 
13. 25 
53.86 
30. 00 

340. 70 
85. 20 
102. 20 
150. 00 

21.90 
50.00 

8.87 
2. 35 


2,640.79 


Abstract  of  disbursements  made  by  Fielding  Burnes,  disbursing  agent,  U.  S.  Geo¬ 
logical  Survey,  during  the  first  quarter  of  1888. 


1888. 

Jan.  18 

1 

E.  W.  F.  Natter . 

19 

2 

William  Kramer . 

19 

3 

. do . 

31 

4 

William  H.  Lovell  . . . 

31 

5 

Pay-roll  of  employes 

Feb.  16 

6 

William  H.  Lovell . . . 

29 

7 

Pay-roll  of  employes 

Mar.  23 

8 

Charles  A.  Putnam. . 

31 

9 

Pay-roll  of  employes 

Traveling  expenses . 

. do . 

Miscellaneous  field  expenses 

Services,  January,  1888  . 

. do . . . 

Tra\  eling  expenses . 

Services,  February,  1888 _ 

. do . 

Services,  March,  1888  . 


$16.71 
34. 76 
10. 50* 
85.20 
1,002.50 
17.47 
1,677.40 
5.00 
1,661.30 


4,510.84 


Abstract  of  disbursements  made  by  R.  R.  Hawkins,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  first  quarter  of  1888. 


1888. 

1 

Wemple  Bros. . 

Boxes . 

$22  50- 

3 

2 

H.  L.  Howse . 

Supplies,  etc . 

"  3.18 

4 

3 

H.  A.  Messenger . 

Pasturing  public  animals . 

32.45 

5 

4 

Albion  S.  Howe . 

Services,  January  1  to  5, 1888,  inclu- 

10.00 

sive. 

10 

5 

E.  M.  Sleator  . . .' . 

Map . 

1.50 

10 

6 

Postmaster . 

Box  rent . 

3. 00 

10 

7 

Western  Union . 

Telegrams . 

3.94 

12 

8 

Wells,  Fargo  &  Co . 

Expressage  . 

19.80 

10 

9 

Abner  Doble . 

Hammers,  etc . 

5.00 

10 

10 

Frank  Barnard  &  Co . 

Fuel . . 

5. 95 

10 

11 

A.  Carlisle  &  Co . 

Office  supplies . 

6.25 

18 

12 

W.  S.  Williams . 

Photographic  supplies,  etc . 

17. 00 

31 

13 

Pay-roll . 

Services,  January"  1888  . 

597.70 

31 

14 

E.  A.  Schneider . 

Services,  January  6  to  31,  inclusive, 

50. 32 

1888. 

Feb.  4 

15 

II.  A.  Messenger . 

Pasturing  public  animals . 

17.50 

Jan.  31 

16 

G.  W.  Granniss . 

Rent  of  rooms . 

52. 66 

Feb.  11 

17 

R.  E.  Morey . 

Boxes . 

6.00 

11 

18 

S.  F.  Francis . 

Repairs . 

8.50 

23 

19 

The  California  Electrical  Works. . 

Instruments . 

30.00* 

MCCHESNEY.] 
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Abstract  of  disbursevients  made  by  R.  R.  Hawkins,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 
Feb.  24 

20 

Samuel  C.  Partridge . 

Camera,  lens,  etc . 

§88. 75 

29 

21 

Pay-roll . 

Services,  February,  1888  . 

559  60 

29 

22 

E.  A.  Schneider . 

. do . ' . 

60. 00 

29 

23 

G.  W.  Granniss . 

Rent  of  rooms . 

52.66 

29 

24 

Main  &  Winchester . 

Tripod,  case,  etc . 

33. 35 

Mar.  2 

25 

H.  A.  Messenger . 

Pasturing  public  animals . 

9 

26 

W.  H.  Melville . 

Traveling  expenses . 

66.30 

13 

27 

C.  E.  Watkins . 

Silver  prints,  etc . 

4.75 

13 

28 

Frank  Barnard  &  Co . 

Fuel  . . 

4. 00 

13 

29 

Abner  Doble  . 

Gas  pipe . 

3. 1X1 

30 

E.  E.  Ames . 

Open  cart . 

60. 00 

22 

31 

John  Taylor  &  Co . 

Laboratory  supplies . 

15.27 

26 

32 

G.  W.  Smethurst . 

Foraging  public  animals . 

65. 00 

29 

33 

Main  &  Winchester . 

Harness . 

24.74 

30 

34 

I.  C.  Sawyer . 

Mule . 

125. 00 

31 

35 

Pay-roll . 

Services,  March,  1888  . 

597. 70 

31 

36 

E.  A.  Schneider . 

60.00 

31 

37 

G.  W.  .Granniss . 

Rent  of  rooms . 

52. 66 

31 

38 

R.  R.  Hawkins . 

Sundry  cash  expenditures . 

18.60 

2,802. 13 

Abstract  of  disbursements  made  by  Alfred  M.  Rogers,  disbursing  agent,  U.  S.  Geo¬ 
logical  Survey,  during  the  first  quarter  of  1888. 


1888. 
Jan.  23 
27 
16 
27 
31 
31 
31 
31 
31 
31 
31 
31 
31 

31 

31 

31 

31 

Feb.  14 
17 


1 

Denver  Gas  Company . 

Laboratory  material . . 

2 

George  S.  Turner.  .A . 

Transportation  of  property . 

3 

Peter  McCourt . 

Rent  * . *  .  * . . . 

4 

L.  G.  Eakins . 

Traveling  expenses . 

5 

W.  B.  Smith . 

6 

Kerthens  &  Peters . 

Transportation  of  property . 

r/ 

James  G.  Kilpatrick  . 

. do . *  . .  T . 

8 

C.  F.  Bixby.  .* . 

9 

Scott  &  Murch . 

10 

Simon  Hilker . 

11 

Charles  Jacobson . 

. do . 

12 

Samuel  P.  Barbee . 

Rent . 

13 

Western  Union  Telegraph  Com¬ 
pany. 

Wells,  Fargo  &  Company’s  Ex¬ 
press. 

George  Linhart . 

Correspondence  . 

14 

Transportation  of  property . 

15 

. do . 

16 

William  Wertman . 

Services . 

17 

W.  H.  Lawrence  &  Co . 

Stationery . 

18 

Alfred  M.  Rogers . 

Pay . ” . 

19 

C.  Whitman  Cross . 

Traveling  expenses . 

821. 80 

35. 50 
25.00 

46. 50 
65. 90 

3. 51 
52. 00 
.50 
2. 90 
4.25 
3. 75 

12.50 
3. 17 


51.35 

24.00 
6.00 
8.20 
186. 89 
67. 65 

624.37 


Abstract  of  disbursements  made  by  John  D.  McChesney,  chief  disbursing  clerk, 
U.  S.  Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 

Apr.  4 
7 
7 
9 
9 
9 
9 
9 
9 
9 
9 
11 
11 

11 

11 

11 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


14 

15 

16 


B.  F.  McCaully  &  Co . 

William  A.  Raborg . 

Henry  A.  Fischer . 

Warren  Upham . 

C.  R.  Van  Hise . 

United  States  Express  Company. 

C.  W.  Hayes . 

L.  C.  Wooster . 

George  H.  Williams . 

I.  Judell . 

Adams  Express  Company . 

Shepherd  &  Hurley . 

Mutual  District  Messenger  Com¬ 
pany. 

Wash.  B.  Williams . 

Hume,  Cleary  &  Co . 

William  B.  Clark . 


Care  and  forage  of  public  animals . . 

Traveling  expenses . 

Services . 

Services,  March,  1888 . 

. do . 

Freight  charges . 

Services,  March,  1888  . 

Services,  January  2  to  March  21 , 1888 . 
Services,  January  1  to  March  31 , 1888 . 

Tollage . 

Freight . 

Repairs  to  laboratory  machinery . . . 
Rent  of  night  watch . 

Office  furniture . 

Office  supplies . 

Services . 


825. 50 

24.75 
6.00 

102. 20 
60. 00 

21.75 
50.00 
44.00 

105. 00 
21. 65 
27.95 
2. 70 
5.00 

6.50 
2. 72 
60.00 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc.— Continued. 


Date 
of  pay¬ 
ment. 

No .  o  f 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 
Apr.  11 
11 
11 

17 

Baltimore  and  Ohio  Railroad  .... 

Freight . 

SO.  92 
2. 56 

18 

. do . 

....  ?do . 

19 

. do  . 

do . 

4.04 

11 

20 

C.  Schneider . 

Laboratory  material 

1.00 

12 

21 

Quartermaster’s  Department,  U. 
S.  Army. 

E.  Shaw . 

Tent . . 

11.66 

12 

22 

Services,  August  28  to  September 
17, 1887. 

Chemical  material . 

34.78 

12 

23 

Henry  J.  Green . 

56. 50 

12 

24 

William  W.  Walmsley  &  Co . 

Photographic  supplies . 

15. 54 

12 

Wyckoff,  Seamans  &  Benedict . . . 
Edward  Kiibel . 

Stationery  .....*.* . 

3.85 

12 

26 

Cash  paid  for  repairs . 

*  13. 70 

13 

27 

James  W.  Queen  &  Co . 

Laboratory  supplies . 

29.17 

13 

28 

Julius  Bien*  &  Co . 

Copies  of  Geological  and  Topograph¬ 
ical  Atlas. 

Services,  March  1  to  16, 1888 . 

466. 25 

13 

29 

W.  S.  Bay  ley . 

30.00 

13 

30 

John  C.  Parker . 

Office  furniture . 

89.00 

14 

31 

A.  D.  Duganne . . 

Services,  March,  1888  . 

4.00 

14 

32 

Charles  S.  Cudlip . 

Photographic  material . 

97.58 

14 

33 

Henry  O.  Connor,  "jr . 

Services,  March,  1888 . 

12.00 

16 

34 

Julius  Bien  &  Co . 

Copies  of  maps . 

23.25 

17 

35 

F.W.  Clarke . 

Traveling  expenses . 

7.75 

17 

36 

Pennsylvania  Railroad  Company. 
S.  J.  Haislett . 

Transportation  of  assistants . 

6.50 

19 

37 

Rope . .- . 

1.20 

23 

38 

George  Ryneal,  jr . 

Artist  materials,  etc . 

74. 65 

23 

39 

Western  Union  Telegraph  Com¬ 
pany. 

Harriet  Biddle . 

Telegrams . 

2. 41 

23 

40 

Services,  January  1  to  March  31, 1888. 
Services,  April  9  to  13, 1888  . 

30.00 

23 

41 

F.  W.  Stanton . 

20. 00 

23 

42 

. do  . 

Traveling  expenses . 

20.75 

23 

23 

43 

44 

J.  H.  Hagerty . 

William  P.  Rust . 

Care  and* forage  of  public  animals . . 
Services,  February  1  to  March  31, 
1888. 

Care  and  forage  of  public  animals . . 
Services  in  sewing  desk  covers . 

25.00 

117.00 

23 

Ernest  M.  Warren . 

64.00 

23 

46 

Ollie  McClain . 

4.26 

23 

47 

Unexcelled  Fireworks  Company 
L.  Moxley . 

Stationery . 

16.00 

25 

48 

Chemical  supplies . 

10.80 

25 

49 

J.  Karr . 

Laboratory  supplies,  etc . 

5.00 

25 

50 

Julius  Bien  &  Co . 

250  copies  of  maps . 

72.80 

25 

51 

E.  S.  Sperry . 

Services . ? . 

100. 00 

26 

52 

Union  Stone  Company . 

Laboratory  supplies . 

37.10 

26 

53 

Faulk  &  Co . .*. . .  I . 

Instruments  . 

86.00 

27 

54 

J,  H.  Mills  &  Co . 

Type . . 

1.30 

27 

55 

M.  W.  Beveridge . 

Office  supplies . 

1.80 

30 

56 

Frank  Burns .  . . 

Services, April,  1888  . 

82.40 

30 

57 

R.T.  Hill . 

98.90 

30 

58 

Sam.  H.  Scudder . 

206. 00 

30 

59 

J.  Henry  Blake . 

148. 30 

30 

60 

O.  C.  Marsh . 

. do . 

329. 70 

30 

.  61 

J.  B.  Hatcher . 

. do . 

200. 00 

30 

62 

G.  Baur . 

. do . 

140. 00 

30 

63 

F.  Berger . 

70. 00 

30 

64 

H.  Gibb . 

. do . 

60.00 

30 

W.  H.  Burwell . 

55.00 

30 

66 

O.  A.  Peterson . 

. do . 

55.00 

30 

67 

L.  P.  Bush . 

. do . 

50.00 

30 

68 

Leo  Lesquereaux . 

. do . 

75.00 

30 

69 

Thomas  Hampson . 

...  do . 

126. 37 

May  1 

1 

70 

Gore,  Janney  &  Co . 

Office  furniture . 

86.00 

71 

Robert  T.  Hill . 

Traveling  expenses . 

46.25 

1 

72 

Arthur  Keith . 

Services,  April,  1888  . 

50.00 

1 

73 

Samuel  H.  Scudder . 

Cash  paid  for  miscellaneous  ex¬ 
penses. 

Services,  January  1  to  March  31, 1888. 
Services,  April,  1888  . 

1.90 

1 

74 

Frank  Leverett . 

390. 00 

1 

75 

N.  S.  Shaler . 

250.00 

1 

76 

Pederson  &  Olsen . 

Office  furniture . 

60.00 

Apr.  30 
30 

77 

Pay-roll  of  employ6s . 

Services,  April,  1888  . 

2. 967. 50 

2.425.50 

2.814.50 
683. 03 

78 

. do . ..." . 

..... .do . . . 

30 

79 

. do . 

. do . 

30 

80 

. do . 

. do . 

30 

81 

. do . 

. do . 

3, 543. 70 
367. 50 

30 

82 

. do . 

.  . .  .do . 

30 

83 

George  W.  Shutt . 

247.25 

30 

84 

Ira  Sayles . 

do . 

115. 40 

May  1 

1 

85 

James  G.  Bowen . 

Care  and  forage  of  public  animals. , 
Traveling  expenses . 

46.45 

86 

C.  A.  White . 

134. 80 

3 

87 

W.  D.  Heisland . 

Services  during  April,  1888  . 

50. 00 

3 

88 

W.  N.  Merriam . 

Services,  April,  188*8 . 

115. 40 

3 

89 

C.C.Vermule . 

. do . 

148. 30 
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Abstract  af  disbursements  made  by  Jno.  D.  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


1888. 
May  3 
3 

3 

3 

3 

3 

3 

3 

8 

8 

8 

8 

8 

8 

8 


8 

9 

7 

8 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 

12 

15 

15 

15 

15 

16 
16 

17 

18 
23 
23 
23 
23 
23 

23 

23 

23 

24 

25 

25 

26 
28 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 


Jh 

•  o 


To  whom  paid. 


For  what  paid. 


90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 


123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 


C.  B.  Boyle . 

Z.  D.  Gilman . 

Washington  Gas-Light  Company. 
Denver  and  Rio  Grande  Railroad . 
Baltimore  and  Ohio  Railroad .... 

Robert  Robertson . 

Aug.  F.  Fouste . 

J.  B.  Woodworth . 

R.  C.  Jones  . 

J.  and  H.  Berge . 

American  Tool  and  Machine  Com¬ 
pany. 

J.  H.  Hagerty . 

C.  R.  Van  Hise . 

Warren  Upham . 

Buffalo  Dental  Manufacturing 
Company. 

Ernest  M.  Warren . 

B.  F.  McCaully  &  Co . 

George  Cartner . 

H.  Hoffa . 

L.  H.  Schneider . 

F.  A.  Brockhaus . 

Citizens’  National  Bank . 

R.  S.  Tarr . 

H.  Rosendale . 

Frank  Burns  . 

George  W.  Knox . 

E.  E.  Jackson  &  Co . 

C.  W.  Hayes . 

Pennsylvania  Railroad . 

Robert  Leitch  &  Sons . 

Eimer  &  Amend . 

. do . 

The  Educational  Supply  Com¬ 
pany. 

Mutual  District  Messenger  Com¬ 
pany. 

Julius  Bien  &  Co . 

J.  W.  Powell . 

John  F.  Parett . 

John  C.  Parker . 

Henry  A.  Clarke  &  Son . 

Charles  D.  Walcott . 

Roland  D.  Irving . 

David  T.  Day . 

L.  II.  Schneider’s  Son . 

W.  M.  Shuster  &  Sons . 

Hume,  Cleary  &  Co . 

Adams  Express  Company . 

Western  Union  Telegraph  Com¬ 
pany. 

M.  W.  Beveridge . 

Adams  Express  Company . 

Alabama  Great  Southern  Rail¬ 
road. 

John  R.  Proctor . 

C.  S.  Cudlip . 

William  P.  Rust . 

Wyckoff,  Seamans  &  Benedict. . . 
Thomas  Somerville  &  Co . 

F.  F.  Chisolm  . 

Charles  H.  Kraft . 

J.  Henry  Blake . 

Sam  H.  Scudder . 

Robert  T.  Hill . 

Frank  Leverett . 

Leo  Lesquereaux . 

N.  S.  Shaler . 

Robert  Robertson . 

Roland  D .  Irving . 

O.  C.  Marsh . 

J.  B.  Hatcher . 

G.  Baur . 

F.  Berger . T . 

H.  Gibb . 


Traveling  expenses . 

Laboratory  and  photographic  sup¬ 
plies. 

Gas,  April,  1888 . 

Freight  charges . 

. do . 

Services,  April,  1888 . 

Services,  January  1  to  April  30, 1888. 

. do . . . 

Publication . 

Chemical  supplies . 

Laboratory  material . 

Foraging  animals . 

Services,  April,  1888 . 

. do . 

Chemical  supplies . 

Pasturage  and  storage . 

Care  and  forage  of  public  animals. . 

Publications . 

Chemical  material . 

Office  and  laboratory  supplies . 

Publications  . 

Bill  of  exchange . 

Traveling  expenses . 

Geological  hammers . 

Traveling  expenses . 

Freight  charges  and  hauling . 

Lumber . 

Services,  April,  1888 . 

Transportation  of  assistants . 

Supplies . 

Chemical  supplies . 

Chemical  supplies  and  material 
Chemical  material . 

Rental  of  night  watch . 

250  copies  of  maps . 

Traveling  expenses . 

Stationery,  etc . 

Repairs  to  type  writer . 

Repairs  to  caligraph . 

Traveling  expenses . 

Services,  April,  1888  . 

Traveling  expenses . 

Laboratory  supplies,  etc . 

Map-mounting  material . 

Office  supplies . . 

Freight  charges,  March,  1888  . 

Telegrams . 

Office  furniture . 

Freight  charges,  April,  1888  . 

Transportation  of  assistants . 

Services,  November  2,  1887",  to  May 
24, 1888. 

Laboratory  and  photographic  sup¬ 
plies. 

Services,  April,  1888  . 

Office  furniture,  etc . 

Photographic  material . . 

Services . 

Chemical  supplies . 

Services,  May,  1888  . 

_ do . 

. do .  . 

. do . 

. do . 

_  do . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 


Amount. 


§106. 55 
374.80 

109. 51 
14. 81 
97.77 
60. 00 
120. 00 
200. 00 
6.00 
6.45 
15. 50 


25.00 
60. 00 
98. 90 
45.00 

64.00 
26.50 
7.00 
5.00 
131.13 
61.95 
1.82 
26. 13 
13.00 
140. 12 
38. 38 
86.61 
75.00 
6.50 
49. 32 
119. 7'5 
24. 52 
31.62 


5.00 

90.75 
39. 81 
47. 35 
22. 50 
4.00 
39.72 
247.25 
19.55 
71.96 
38.63 
5. 50 
43. 10 
1.32 


4. 55 
61.35 
5.40 

200.00 

323. 28 

56. 25 
87. 50 
15. 60 
225. 00 
41.92 
153. 40 
213. 00 
102.20 
220. 00 
75.00 
270. 00 
60. 00 
247.25 
340. 60 
200. 00 
140.00 
70.00 
60.00 
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Abstract  of  disbursements  made  by  Jno.  D.  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


To  wbom  paid. 


For  what  paid. 


Amount. 


1888. 


May  31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

June  3 
2 
2 
4 
4 
4 
4 
4 
4 
7 
7 
7 
7 
7 
7 


7 

12 

12 

12 

12 

12 

12 

12 

12 

9 

11 

12 


12 

12 

13 

13 

13 

13 

14 
14 

14 

15 

15 

16 
16 
16 
16 
16 
19 
19 
19 
19 
19 
19 
19 


160 

161 

162 

163 

161 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
212 


213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 

226 


W.  H.  Burwell . 

O.  A.  Peterson . 

L.  P.  Bush . 

C.  Willard  Hayes . 

Aloysius  B.  Renehan . 

Arthur  Keith . 

George  W.  Shutt . 

Ira  Sayles . 

Pay-roll  of  employes . 

. do . 

. do . 

. .  . .  do . 

. do . 

. do . 

William  P.  Rust . 

James  G.  Bowen . 

Washington  Gas-Light  Company. 

Gilbert  A.  Ayars . 

George  E.  Ladd . 

J.  B.  Woodward . 

W.  J.  McGee . 

Hall  &  Sons  . 

Charles  II.  Kraft . 

B. F.  McCaully  &  Co . 

George  N.  Rider . 

C.  A.  White . 

C.  C.  Yermeule . 

. do . 

Alfred  M.  Rogers . 

Andrew  T.  Manley . 

J.  H.  Hagerty . 

W.W.Meldrum  . 

Eimer  &  Amend . 

Robert  Boyd . 

Mutual  District  Messenger  Com¬ 
pany. 

Edward  J.  Hannan . 

W.  M.  Shuster  &  Sons . 

Wyckoff,  Seamans  &  Benedict . . . 

J.  Karr . 

Baltimore  and  Ohio  Railroad 
Company. 

. do . 

F.  W.  Geiger . 

John  C.  Parker . 

Emil  Jonscher . 

S.  M.  Youngs . 

R.  S.  Tarr . . 

James  B.  Lambie . 

H.  Rosendale . 

Z.  D.  Gilman . 

Robert  Stern . 

R.  R.  Bowker . 

George  H.  Cook . 

Newport  News  and  Mississippi 
Railroad. 

Z.  D.  Gilman . 

M.  W.  Beveridge . 

Easton  &  Rupp . 

George  H.  Williams . 

W.  B.  Moses  &  Son . 

Richmond  and  Danville  Railroad . 

Ernest  M.  Warren . 

J.  W.  Powell . 

Carroll  Webster . 

N.  P.  Jones . 

William  D.  Heistand . 

W.  J.  McGee . 

W.  N.  Merriam . 

Samuel  L.  Penfleld . 


Services,  May,  1888 . 

. do . 

. do . 

. do . 

. do . . . 

. do . 

.  do . 

. do . 

. do . . 

. do . 

. do . 

. do . 

. do . 

. do . 

. do . 

Care  and  forage  of  public  animals. . 

Gas  for  May,  1888 . 

Services,  March  1  to  May  31, 1888. . . . 

Services,  April  1  to  15, 1888 . 

Services,  May,  1888 . 

. do . 

Chemical  supplies . 

. do . 

Care  and  forage  of  public  animals . . 

Publications . 

Traveling  expenses . 

. do . 

Services,  May  1  to  June  6, 1888  . 

Services,  February  15  to  29,  1888 

Services,  June  1  to  6, 1888  . 

Care  and  forage  of  public  animals. . 
Supplies  for  repairs  of  instruments. 

Chemical  supplies . 

Office  supplies . 

Rental  of  night  watch . 

Repairs  to  laboratory . 

Office  supplies . 

Repairs  to  typewriter  . 

Supplies  for  repairs  of  instruments. 
Transportation  of  assistants . 

. do . 

Traveling  expenses . 

Supplies  for  repairs,  etc . 

Repairs  and  supplies  for  instru¬ 
ments. 

Publications . . 

Traveling  expenses . 

Material  for  modeling  purposes . 

Repairing  chisels . 

Photographic  supplies .  . 

Traveling  expenses . 

Publications . 

Cash  paid  for  hauling . 

Transportation  of  assistants . 

Laboratory  supplies . 

Field  material . 

Stationery . 

Services,  April  1  to  June  1,  1888 . 

Office  furniture . 

Transportation  of  assistants . 

Care  and  forage  of  public  animals . . 

Traveling  expenses . 

. do . 

Making  photograph  prints . 

Services,  May  1  to  31, 1888  . 

Traveling  expenses . 

Services,  May,  1888  . 

Services,  October  6, 1887,  to  May  31, 


$55. 00 
55.00 
50.00 
75.00 
30.00 
50.00 

255. 50 
119.20 

2, 735. 40 
3, 833. 00 
2, 469. 20 
3,109.00 
741.60 

382. 50 

67.50 
47.00 
85.39 

6.00 
24.00 
50.00 
204. 40 

28.50 
23. 05 

26.50 
7.00 

101.15 
15.60 
183. 07 
61.81 
10. 00 
25.00 
6.' 00 
47.15 
41.69 
5.00 

9.00 
2. 81 
5.25 
2.50 
71.65 


356. 75 
18. 50 
8. 50 
78.20 

4. 00 
23. 79 
7.16 
.75 
371  66 
9.25 
14.75 
3.00 
20. 45 


11.70 
17. 00 
13. 05 
55. 00 

1.50 

94.70 
64.00 
26. 25 

4.60 
12.24 
50.00 
77.72 
119.20 
100.  00 


1888. 


19 

20 
20 
20 
22 
22 
22 


227 

228 

229 

230 

231 

232 

233 


W.  F.  Hillebrand . 

George  Ryneal,  jr . 

United  States  Express . 

C.  B.  Atkinson . 

E.  E.  Jackson  &  Co . 

Oregon  and  California  Railroad  . . 
R.  L.  Bryant . 


Traveling  expenses . 

Office  supplies,  etc . 

Freight  . . . 

Lining  tank,  etc . 

Lumber . 

Transportation  of  assistants 
1  horse . 


57.73 
36.75 
24. 35 
12.00 
140. 68 
13.68 
150.00 
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Abstract  of  disbursements  made  by  Jno.  D  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


•  o 
o  a 
o 


1888. 
June  23 


23 

ur. 


2a 

25 
2(5 

26 
26 
26 


27 

27 

27 

28 
28 

28 

28 

30 

29 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 


A 


234 

235 

236 

237 

2(38 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 
2(56 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 


To  whom  paid. 


James  W.  Queen  &  Co  . 

Eric  Noble . 

James  M.  Swank . 

Western  Union  Telegraph  Com¬ 
pany. 

W.  D.  Castle . 

F.  W.  Clarke . 

William  H.  I)all . 

Shepherd  &  Hurley . 

John  Birkenbine . 

Robert  Robertson  . 

James  C.  Hooe . 


For  what  paid. 


George  W.  Knox  . 

C.  Willard  Hayes . 

Amos  E.  Woodward . 

Oregon  and  California  Railroad  . 

Adams  Express  Company . 

Evening  Star  Newspaper  Com¬ 
pany. 

James  S.  Topliam . 

Henry  J.  Biddle . 

Northern  Pacific  Railroad . 

Baltimore  and  Potomac  Railroad 

Z.  N.  Lockhart . 

Collier  Cobb . 

Robert  Robertson . 

Bailey  Willis . 

Robert  T.  Hill . 

W.  J.  McGee . 

I.  C.  Russell . 

Charles  D.  Walcott . 

Ira  Sayles . . 

Lawrence  C.  Johnson . 

C.  Willard  Hayes . 

Pay-roll  of  employes . 

.....  do . 

. do . 

. do . 

. do . 

.  . . .do . 

George  W.  Shutt . 

Inman  E.  Morgan . 

O.  C.  Marsh . 

E.  H.  Barbour . 

T.  A.  Bostwick . 

A.  Hermann . 

H.  Gibb . 

C.S.Cudlip . 

Alfred  M.  Rogers . 

Samuel  P.  Barbee . 

E.  H.  Hill . 

R.  L.  Packard . 

Pay-roll  of  employes . 

Sam  H.  Scudder . 

Frank  Sutton . 

Leo  Lesquereaux . 

Eastman  Dry  Plate  and  Film 

Company. 

C.  R.  Van  Hise . . . 

L.  C.  Lohman . 

R.  S.  Tarr . 

Aug.  F.  Foerste . 

J.  Henry  Blake . 

C.  R.  Van  Hise . 

James  G.  Bowen . 

Aloysius  B.  Renehan . 

Pay-roll  of  employes . 

Mutual  District  Messenger  Com¬ 
pany. 

Arthur  Keith . 

Bailey  Willis  . 

C.  Willard  Hayes . 

Chesapeake  and  Potomac  Tele¬ 
phone  Company. 

B.  F.  McCaully  &  Co . 

C.  L.  Moulton . 

Washington  Gas-Light  Company 


Chemical  supplies 

Services . 

. do . 

Telegrams . 


Field  material . 

Traveling  expenses . 

. do . 

Laboratory  supplies . 

Services . 

Ti'aveling  expenses . 

Services  during  September  1, 1887, 
to  June  15, 1888. 

Freight . 

Traveling  expenses . 

. do . . . 

Transportation  of  assistants . 

Freight  charges . 

Field  supplies  . 


Office  supplies  and  repairs . . . 

Services . 

Transportation  of  assistants 

Freight  charges . 

1  horse . . . 

Services,  June,  1888 . 

do . 


.do. 

.do. 

.do 

.do. 


.do. 

.do. 

.do 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

do. 

.do. 

.do. 

do. 


Services,  April  1  to  June  30, 1888  . . . 

. do . 

. do . 

Services,  June,  1888  . 

Photographic  supplies . 

Cash  paid  for  freight . 

Rent  of  store-room . 

Care  and  forage  of  public  animals  . 
Services,  January  2  to  June  11, 1888 

Services,  June,  1888 . 

. do . 

. .  . . do . 

. do . 

Photographic  supplies . 


Services,  May  1  to  June  30, 1888  . . . 
Storage  of  Government  property. 

Services,  June,  1888 . 

. do . 


.do. 


Traveling  expenses . 

Care  and  forage  of  public  animals 

Services,  June,  1888 . 

. do . 

Rental  of  night  watch . 


Traveling  expenses . 

. do . 

Cash  paid  for  expenses . 

Services,  April  1  to  June  30, 1888  . . . 

Care  and  forage  of  public  property 

Veterinary  services . 

Gas  for  June,  1888  . 


Amount. 


$43. 52 
25.00 
300. 00 
7. 95 

18. 75 
22. 66 
18.64 
4.40 
100. 00 
47. 36 
20.00 

8.86 
17. 51 
11.00 
1.79 
142.00 
1.50 

14.00 
100.00 
180. 45 

4. 52 
165.00 

50.00 
60.00 
197. 80 
98. 90 
197. 80 

164.29 
197. 80 
115.40 
115.40 

74.20 

3. 708. 50 
3, 024. 00 

1.990.50 
2, 370. 20 

639. 36 
370.00 
247. 25 
19.50 
329. 70 
400.00 
225. 00 
225. 00 
60.00 
432. 32 

5.53 
37'.  50 
34.00 

115.00 

81.49 

206.00 

74.20 

75.00 

18.00 

190.00 

4.25 

50.00 

50.00 

148. 30 
43. 67 

68.25 
30. 00 

123. 50 
5.00 

53. 10 
19.95 

76.88 

155. 50 

13.25 
20.00 

78.89 
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Abstract  of  disbursements  made  by  Jno.  D  McChesney,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

'  For  what  paid. 

Amount. 

1888. 
.Tune  30 

306 

W.H.  Holmes . 

Traveling  expenses . 

$39. 05 
9.17 

30 

307 

Edward  Kiibel  . 

Miscellaneous  expenses . 

30 

308 

Ernest  M.  Warren . 

Care  and  forage  of  public  property . 

64.00 

30 

309 

J.  H.  Hagerty . 

.  - do . 

25.00 

30 

310 

Warren  Upham . 

Services,  May,  1888  . 

102.  20 

30 

311 

. do . 

Services,  June,  1888 . 

98.  90 

30 

312 

William  P.  Rust . 

. do . 

65.00 

30 

313 

N.  S.  Shaler . 

. do . 

260. 00 

30 

314 

Williams  &  Co . 

Specimens . 

10. 50 

30 

315 

S.  J.  Haislett  . 

Field  material . 

21  (X) 

30 

316 

Fred.  A.  Schmidt . 

Publications . 

4.00 

30 

317 

Unexcelled  Fire- works  Company. 

Mailing  tubes,  etc . 

21.50 

30 

318 

Wyckoff.  Seamans  &  Benedict. . . 

Office  supplies . 

4.17 

30 

319 

W.  B.  Taylor . 

Field  supplies . 

44.74 

30 

320 

Keuffel  &  Esser . 

Drawing  material  .... 

25  20 

30 

321 

Arthur  Keith . 

Field  expenses . 

27. 50 

30 

322 

Lutz  &  Bro . 

Field  supplies . 

1.25 

30 

323 

Z.  D.  Gilman . 

Laboratory  and  photographic  sup- 

87. 96 

30 

324 

W.C.Day . 

plies. 

Services,  January  2  to  June  30, 1888  . 

170. 00 

30 

325 

Lansburgh  &  Bro . 

Office  supplies . 

75 

30 

30 

30 

326 

327 

328 

Hume,  Cleary  &  Co . 

Great  Falls  Ice  Company . 

National  Press  Intelligence  Com- 

Photographic  supplies . 

Ice,  April  1  to  June  30,  1888 . 

Furnishing  newspaper  clippings. . . . 

.40 
41.50 
24. 05 

30 

329 

pany, 

W.  N  Merriain . 

Services,  June,  1888 . 

115  40 

30 

330 

William  D.  Heistaud . 

. do . 

50. 00 

30 

331 

C.  W.  Nall . 

Services,  January  1  to  June  30,  1888. 

112.50 

61,390. 32 

SALARIES,  OFFICE  OF  GEOLOGICAL  SURVEY. 


1888. 
Apr.  30 
May  31 
June  30 

1 

Pay-roll  of  employes . 

Services.  April,  1887  .... 

2, 855. 15 
2, 949. 70 
2  855  15 

2 

.do . 

Services,  May,  1887  . . . 

3 

. .  .do . 

Services,  June,  1887  . 

8, 660. 00 

Abstract  of  disbursements  made  by  C.  D.  Da  vis ,  special  disbursing  agent ,  U.  S. 
Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 

May  12 
12 
22 
26 
28 
31 
31 
31 

June  1 
6 
12 
13 
21 

May  31  1 

June  26  i 
26 
27 
30 
30 
30 
30 
30 
30 
30 
30 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


R.  M  Towson . 

W.R.  Atkinson . 

. do . 

R.  M.  Towson . 

E.  C.  Robinson . 

W.R.  Atkinson . 

W.  H.  Lovell . 

Lawrence  Thompson 

W.  D.  Johnson . 

W.R.  Atkinson . 

R.  M.  Thompson . 

W.  R.  Atkinson . 

. do . 

Fielding  Burnes . 

Robert  D.  Cummin. . 
Lawson  Sandford  . . . 

W.  R.  Atkinson . 

Pay-roll  of  employes 

R.  H.  Hale . 

C.  C.  Bassett . 

James  Longstreet . . . 

C.  C.  Bassett . 

E.  G.  Kennedy . 

R.  D.  Cummin . 

C.  C.  Bassett . 


Field  expenses . 

. do . 

. do . 

. do . 

Transportation  ... 

Field  expenses . 

Services,  May,  1888 

. do . 

Field  expenses . 

. do . 

. do . 

. do . 

. do . 

Services,  May,  1888. 
Traveling  expenses 

. do . 

Field  expenses . 

Services,  June,  1888 

. do . 

Traveling  expenses 

. do . 

Field  expenses . 

Traveling  expenses 

Field  expenses . 

Traveling  expenses 


$21.35 

18.60 

32.50 
31.98 
68. 64 
25. 00 
85.  20 
85. 20 

5. 70 

26.50 
35. 28 

20. 25 
18. 15 

153.40 
12.10 
13. 60 
32. 80 
1,631.90 
75. 00 
12. 12 
12.12 
51. 12 

10. 25 
34.00 

7.40 


2, 520. 72 
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Abstract  of  disbursements  made  by  Mark  B.  Kerr,  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  second  quarter  of  1888. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 

Apr.  30 

1 

Pay-roll  (office  and  field) . . 

Services,  April,  1888  . 

§2, 164.20 

May  31 

2 

. do  . 

Services,  May,  1888 

'  1 627.  (X) 

J une  4 

3 

E.  M.  Douglas . 

42  67 

4 

4 

Traveling  expenses. . . 

51  50 

4 

5 

Frank  Tweedy . .* . 

. do....... . 

51.75 

4 

6 

A.  Lamme  &  Co 

Subsistence  supplies 

87  09 

4 

E.  J.  ( )wenhouse . . 

Repairs  . 

13  40 

4 

8 

Jones  &  Koch . 

Field  supplies . 

18.50 

4 

9 

H.  M.  Wilson 

61 . 42 

May  31 

10 

E.  T.  Perkins,  jr . 

Traveling  expenses . . 

51.85 

June  6 

11 

Pav-roll  (E.  M.  Douglas)  . 

Services  May.  1888. . 

219. 82 

6 

12 

Amos  Scott  . 

Services,  April  1  to  May  15, 1888,  in- 

90.00 

elusive. 

6 

13 

Highsmith,  Beam  and  Winter 

Field  expenses . 

61.60 

14 

14 

Redick  H.  McKee . 

.  do . 

40. 65 

14 

15 

.  do  . 

. do . 

74. 15 

14 

16 

Frank  Tweedy  . 

. do . * . . . 

25. 90 

14 

17 

Paul  Holman.  . 

. do . 

10. 25 

19 

18 

A.  F.  Dunnington  . . 

. do . 

40. 55 

19 

19 

. do . 

. do . 

19.35 

25 

20 

Redick  H.  McKee. 

. do . 

115.75 

25 

21 

W.  T.  Griswold 

. do . 

43. 65 

25 

22 

Hecla  Mercantile  and  Banking 

Subsistence,  etc . 

28.65 

Company. 

25 

23 

C.  S.  Winsor . 

Field  subsistence,  etc . 

49. 60 

25 

24 

F.  G.  Pratt  &  Co. . . 

Subsistence,  etc . 

19.99 

25 

Highsmith,  Beam,  &  Winter 

Field  expenses . 

8.00 

25 

26 

Charles  Baker . 

. do . 

12. 00 

30 

27 

Pay-roll  (Dunnington). . 

Services,  June,  1888 . 

274. 43 

30 

28 

Pay-roll  ( Griswold) .  . 

. do . 

293. 30 

30 

29 

Pay-roll  (Wilson) 

. .  .do . 

427.20 

30 

30 

Pay-roll  (office  and  field)  . . 

. do  . 

768. 10 

30 

31 

R.H.  Chapman  . 

. do . 

82  40 

30 

32 

A.  H.  Thompson 

. do . 

222  50 

30 

33 

Mark  B.  Kerr . 

. do . 

148. 30 

30 

34 

Pay-roll  (Perkins)  . . 

. do . 

232. 40 

30 

35 

Pay-roll  (Tweedy) . 

. do . 

336. 90 

30 

36 

Pay-roll  (Douglas) . . 

. do . 

364. 80 

8, 179. 62 

Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent,  U. 
S.  Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 
Apr.  30 
30 
30 
30 

30 

May  11 
11 
11 
11 
11 

Apr.  30 
May  17 
17 
24 
24 

24 

25 

31 
31 
31 
31 
31 
31 
31 
31 
31 

June  4 

7 

8 
8 

20 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Pay-roll . 

W.F.  Fling . 

E.  M.  Harnsberger . 

L.  Morgan . . 

N. B. Dunn . 

L.  D.  Brent . 

Charles  M.  Yeates . 

L.  D.  Brent . 

Charles  M.  Yeates . 

A.  E.  Wilson . 

H.  H.  Snyder . 

R.  O.  Gordon . 

F.  B.  Riley . 

Charles  M.  Yeates . 

George  Jackson . 

Faris  &  Co . 

George  E.  Kennedy  &  Son 

.1.  W.  Hays . 

Pay-roll . 

. do . 

. do . 

R.  Lee  Longstreet . 

W.F.  Fling . 

E.  M.  Harnsberger . 

F.  J.  Chapman . 

N.  B. Dunn . 

R.  O.  Gordon . 

Charles  M.  Yeates  . 

E.  C.  Barnard . 

. do . 

A.  E.  Murlin  . 


. . .  Services,  April,  1888  . 

. . .  Forage  of  stock . 

. do . 

. do . 

...  ......  do . 

. . .  Miscellaneous  field  expenses . 

. do . 

...  Traveling  expenses . 

. do . 

. do . 

. . .  Storage  of  survey  property . 

. . .  Traveling  expenses . 

. . .  Subsistence  and  forage . 

. . .  Miscellaneous  field  expenses . 

. . .  Services,  May  8  to  14,  1888 . 

Subsistence  supplies  . 

. do . 

. . .  Services,  May,  1888 . 

. do . 

. do . 

. do . 

. . .  Traveling  expenses . 

. . .  Forage  of  stock . 

. do . 

. do . 

. . .  Forage  of  stock,  etc . 

. . .  Miscellaneous  field  expenses . 

. do . 

...  Traveling  expenses . 

. . .  Miscellaneous  field  expenses . 

9  Traveling  expenses . 


|2, 612.10 
20.00 
50.00 
65. 00 
166.50 

30. 50 
6. 30 

9.25 

15. 50 
28.00 

2.75 

5. 25 
21.65 
25. 69 

7.00 

57. 75 
8.10 

102. 20 
286. 80 
2, 214. 60 
151.69 
65.00 
10.00 
50. 00 
26.00 
86. 20 
51.94 
97. 85 
9.20 

54. 75 

2.25 
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Abstract  of  disbursements  made  by  P.  If.  Christie,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 

32 

Charles  M .  Y eates . . , 

Miscellaneous  field  expenses . 

$58. 30 
12.  50 

25 

533 

H.  Reaves . 

Field  material . 

30 

34 

Pay-roll . 

Services.  June,  1888  . 

283. 30 

30 

35 

. do . 

. do . 

281.60 

30 

36 

J.  W.  Hays . 

. do . 

98. 90 

30 

537 

N.  B.  I)unn . 

Forage  of  stock . 

87. 67 

30 

38 

Elias  Foglesong . 

. (io . 

7.50 

30 

39 

Z.  N.  Lockhart . 

. do . 

10.50 

30 

40 

W.  F.  Latham . 

. do . 

87.00 

30 

41 

F.  J.  Chapman . 

. do . 

26.00 

30 

42 

K.  M.  Harnsberger . 

. do . 

50. 00 

30 

43 

J.  G.  Reaves  . 

. do  . 

39  05 

30 

44 

Pay-roll . 

Services,  June,  1888 . 

2,001.90 

6.00 

30 

45 

Henkel  &  Corpening . 

Storage  . 

30 

46 

William  C.  Holbrook . 

. do . 

16  00 

30 

47 

W.  H.  Jackson  &  Co . 

.  do . 

20. 00 

30 

48 

D.  P.  Grinnell  and  R.  N.  Wor- 

. do  . 

15. 13 

530 

49 

wock. 

W.  F.  Fling . . 

Forage  of  stock . 

10.00 

30 

50 

R.  O.  Gordon . 

Miscellaneous  field  expenses. . . 

56  08 

30 

51 

M.  S.  Fowler . 

Storage  of  survey  property. . , 

(‘>  nn 

30 

52 

Charles  M.Yeates .  . 

Miscellaneous  field  expenses . 

63. 35 

30 

53 

P.  H.  Christie . 

Traveling  expenses . 

62. 15 

30 

54 

J.  W.  Hays . 

.  do . 

18.00 

30 

55 

. do  . . i . 

Miscellaneous  field  expenses . 

83. 45 

30 

56 

. do . 

. do . . . 

78. 79 

530 

57 

F.  P.  Gulliver . 

.  do . 

51. 10 

530 

58 

. do . 

. do . 

21.30 

30 

59 

A.  E.  Murlin . 

. do . 

22  35 

30 

60 

F.  P.  Gulliver . 

Traveling  expenses . 

11.27 

30 

61 

S.  J.  Haislett . 

Field  material . 

72.00 

530 

62 

V.  Schoonmaker . 

. do . 

300. 00 

30 

63 

M.  Hackett . 

Traveling  expenses . 

3.62 

30 

64 

V .  Schoon  maker . 

^ield  expenses . 

75. 00 

30 

65 

M.  Hackett . . . 

Miscellaneous  field  expenses . 

36.27 

10, 411.90 

Abstract  of  disbursements  made  by  Arnold  Hague,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 

Apr.  4 
30 

May  7 
30 

June  16 
513 
30 
30 
530 
30 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


E.  J.  Owenhouse . 

Pay-roll  of  employes . 

Charles  H.  Stuart . 

Pay-roll  of  employes . 

Charles  S.  Cudlip . 

Park  &  Tilford . 

Deerfoot  Farm  Company 
Charles  H.  Stuart  ...... 

S.  W.  Cook  . 

Pay-roll  of  employes . 


Storage  . 

Salaries,  April,  1888 . 

Pasturage . 

Salaries,  May,  1888  . 

Photographic  supplies. . 

Field  subsistence . 

. do . 

Pasturage  . 

Field  material  and  labor 
Salaries,  June,  888 . 


$15.00 
711.57 
96. 00 
705. 20 
13. 20 
28. 40 
30. 00 
89. 60 
158.60 
684. 90 


2, 532. 47 


Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr.,  special  disbursing  agent, 
U.  S.  Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 
Apr.  6 

o 

25 

1 

2 

3 

Western  Union  Telegraph  Com¬ 
pany. 

J.  A.  Williams . 

T.  Nelson  Dale  . 

Telegrams . 

Services  to  April  1,  1888,  inclusive  . . 

30 

4 

Raphael  Pumpelly . 

Pay  for  April,  1888 . 

30 

5 

H.  L.  Smyth...., . 

. do . 

30 

6 

A.  0.  D.  Taylor,  jr . 

. do . 

30 

T.  Nelson  Dale  .  ....  . 

. do . 

30 

8 

A.  Prescott  Baker . 

Rent  for  April,  1888  . 

Mar.  4 

9 

C.  L.  Whittle . 

Pay  to  March  3,  1888 . 

31 

10 

Henry  Bull,  jr . 

Telephone  rent . 

May  8 

8 

11 

William  J.  Swinburne  . 

Coal  and  wood . 

12 

J.  Elliot  Wolff  . 

Traveling  expenses . 

$2. 85 

94.10 
4.20 
329. 70 
82.40 
98. 90 
150.  (X) 
50. 00 
99.04 

11.50 
175.20 

17.50 


McCHESNEY.] 


THE  HEADS  OF  DIVISIONS, 


197 


Abstract  of  disbursements  made  by  A.  O.  D.  Taylor,  jr.,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

1888. 

May  1 

13 

9 

14 

9 

15 

11 

16 

16 

17 

16 

18 

23 

19 

23 

20 

26 

21 

26 

22 

26 

23 

28 

24 

31 

25 

31 

26 

31 

27 

31 

28 

31 

29 

31 

30 

June  1 

31 

1 

32 

May  31 

33 

June  8 

34 

8 

35 

9 

3G 

12 

37 

12 

38 

12 

39 

12 

40 

12 

41 

16 

42 

30 

43 

18 

44 

19 

45 

21 

46 

22 

47 

22 

48 

<■>»> 

49 

23 

50 

23 

51 

25 

52 

26 

53 

27 

54 

27 

55 

28 

56 

28 

57 

28 

58 

30 

59 

30 

60 

30 

61 

30 

62 

30 

63 

30 

64 

30 

65 

30 

66 

30 

67 

30 

68 

30 

69 

30 

70 

30 

71 

30 

72 

30 

73 

30 

74 

30 

75 

30 

76 

30 

77 

30 

78 

30 

79 

30 

80 

30 

81 

30 

82 

30 

83 

30 

84 

30 

85 

To  whom  paid. 


J.  Elliot  Wolff . 

William  Andrews . . 

j  Ben.  K.  Emerson . 

;  Western  Union  Telegraph  Com¬ 
pany. 


For  what  paid. 


Amount. 


Pay  to  April  30, 1888 . 

Cartage . . . 

Pay  to  October  31,  1887 . ....  : . 

Telegrams,  March  and  April,  1888. .. 


$98. 90 
a  •>r, 
400!  ob 
2.21 


Hay  aril  &  Horton . 

Raphael  Pumpelly  . 

Ki ‘lift'd  &  Esser . 

C.  H.  Codman  &  Co . 

Adams  Express  Company . 

E.  &  H.  T.  Anthony  &  Co . 

J.  Carbutt .  . 

T.  Nelson  Dale . . 

Raphael  Pumpelly . 

H.  L.  Smyth  . . . . . 

T.  Nelson  Dale . 

A.  O.  D.  Taylor,  jr . 

A.  Prescott  Baker . 

Richard  Bliss . 

Algernon  B.  Corbin . 

Eimer  &  Amend . 

Ben.  K.  Emerson . 

George  W  Robbins . 

Western  Union  Telegraph  Com¬ 
pany. 

T.  Nelson  Dale . 

Alfred  H.  Brooks . 

H.  L.  Smyth . 

. do . 

. do . 

J.  M.  K.  Southwick . 

T.  Nelson  Dale . 

H.  L.  Smyth . 

J.  Eliot  Wolff . 

H.  L.  Smyth . 

T.  Nelson  Dale . 

W.  J.  Withrow . 

H.  A.  Craigin . 

H.  L.  Smyth . 

R.  D.  Coggeshall . 

Gustave  Hamilton . 

Phineas  C.  Clark . 

Adams  Express  Company . 

H.  L.  Smyth . 

. do . 

. do . 

Keuffel  &  Esser . 

Edgar  F.  Clark . 

John  Pumpelly . 

Caswell,  Massey  &  Co . 

A.  Prescott  Baker . 

Raphael  Pumpelly .  . 

T.  Nelson  Dale . 

A.  O.  D.  Taylor,  jr . 

Ben.  K.  Emerson . 

Scovill’ Manufacturing  Company  . 
Mrs.  C.  A.  Wright . 


Repairing  microscope  case . 

Incidental  office  expenses . 

Drawing  materials . 

Photographic  supplies . 

Express  charges . 

Photographic  supplies . 

. do . 

Traveling  expenses . 

Pay  for  May,  1888 . 

. do . 

. do . 

. do . 

Rent  for  May,  1888 . 

Bibliographical  work . 

Stationery  supplies . 

Chemicals . 

Pay  for  May,  1888 . 

I  eyelet  punch  and  set . 

Telegrams  for  May,  1888 . 

Traveling  expenses . 

. do . 

. do . 

Field  expenses . 

...  .do . 

Hardware  supplies . 

Traveling  expenses . 

Pay  for  June,  1888 . 

Pay  to  May  31, 1888  . 

Field  expenses . 

Traveling  expenses . 

. do . 

. do . 

Field  expenses . 

I I  hammer  heads . 

3  window  shades . 

1 1  hammer  handles . 

Express  charges . , . 

Field  expenses . 

. do . 

Traveling  expenses . 

Drawing  materials . 

Services  to  June  28, 1888 . 

Rent  of  instruments . 

Chemicals,  etc . 

Rent  for  June,  1888 . 

Pay  for  June,  1888  . 

. do . 

. do . 

. do  . 

Photographic  materials . 

Services  of  Charles  E.  Wright,  de¬ 
ceased. 


5.20 
44.80 
22.17 
2. 55 
8. 75 
5. 80 

17.20 
20. 05 

340.  00 

85. 20 
150.00 
102. 20 

50. 00 
41.40 
3.10 
34. 04 
100.00 
8.00 
3.89 


20. 25 
4.00 
9. 55 
9.50 
12.33 

10.90 
19.48 

82. 40 
39. 50 

9.  no 
13. 00 
12.99 
9.04 
68.05 
8. 25 
3. 93 
5.83 

20.40 
37. 85 

7. 35 
0. 53 
9.73 
150. 00 
65.00 
7. 95 
50.00 
329. 70 
150.00 

98. 90 
100.00 
212. 67 

80.00 


888. 


Ben.  K.  Emerson . 
Pay-roll  for  June, 

Henry  Bull,  jr . 

Newport  Water-Works . 


Field  expenses. 


Charles  E.  Hammett,  jr 

W.  &  L.  E.  Gurley . 

Richard  Bliss . 

G.  P.  Putnam’s  Sons 

Frank  H.  Wilks . 

Nathan  Barker . 

Raphael  Pumpelly . 

. do . 

T.  Nelson  Dale . . . 

A.  ( ).  I). Taylor,  jr 
II.  L.  Smyth 
Edward  Stabe 
W.  Beals,  jr 
Western 
pany. 


Telephone  rent . 

Water  to  June  30, 1888 . 

Stationery  sup  l  ilies . 

Instruments,  etc . 

Bibliographical  work . 

Stationery  supplies . 

1  chart  case . 

Carpentry  work . 

Traveling  expenses . 

Office  expenses . 

Traveling  expenses . 

it  i . 

Field  expenses . 

Traveling  expenses . 

do . 

Telegrams,  June,  1888 . 


Union  Telegraph  Com- 


9.50 
130. 55 
11.50 
9.00 
8.  50 
302. 48 
20. 70 
41. 14 
3. 60 
25. 73 
117.75 
54.  79 
33. 55 
8.  95 
23.88 
9.45 
6.20 
5.33 


5, 165. 66 
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Abstract  of  disbursements  made  by  Fielding  Burnes,  disbursing  agent,  U.  S.  Geo¬ 
logical  Survey,  during  the  second  quarter  of  1888. 


Date 
of  pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 
Apr.  4 
26 

1 

2 

Sumner  H.  Bodfisli . 

R.  M .  Tjowson  . . 

Traveling  expenses . 

$7. 95 
28  (85 

30 

30 

June  30 

3 

4 

Pay-roll  of  employes . 

W.  R.  Atkinson . 

. do . 

Services,  April,  1888 . 

Miscellaneous  field  expenses . 

. do 

1,739.30 
26. 53 
28.30 

30 

6 

. do . 

Traveling  expenses . 

10. 25 

30 

7 

R.  M.  Towson . 

Miscellaneous  field  expenses . 

45.35 

1,886.53 

Abstract  of  disbursements  made  by  R.  R.  Hawkins,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 
Apr.  2 
2 


4 
1 2 
16 
16 
23 
23 
30 
30 
30 

30 

May  5 
9 
15 
18 
18 
28 

31 
31 
31 
31 
31 
31 

June  6 
8 
11 

14 

15 
15 
19 
21 
23 
23 
25 
25 
27 
27 
30 
30 
30 
30 
30 
30 
30 
30 
30 


1 

2 

3 

4 

5 

6 
ty 

i 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
89 
40 
11 
12 

43 

44 
15 

46 

47 

48 


J  J.  Vasconeellos . 

H.  L.  Howse . 

A.  Carlisle  &  Co . 

M.  Nolan . 

W.  Lindgren . 

A.  Lietz  &  Co . 

H.  W.  Turner . 

W.  Lindgren . 

Goldberg,  Bowen  &  Co. 

E.  A.  Schneider . 

Pay-roll  . 

G.  W.  Granniss . 

H.  A.  Messenger . 

H.  W.  Turner . 

L.  Jones . 

W.  Lindgren  . 

H.  L.  Howse . 

H.  W.  Turner . 

W.  Lindgren. . . . L 

G.  W.  Granniss . 

Pay-roll . 

John  Taylor  &  Co . 

E.  A.  Schneider . 

E.  M.  Sleator . 

George  Phillips . 

W.  Lindgren . 

Frank  Rader . 

Main  &  Winchester.  . . 

H.  W.  Turner . 

. do . 

Sam.  C.  Partridge . 

W.  Lindgren . 

Goldberg,  Bowen  &  Co  . 

W.  Lindgren . 

L.  Jones . 

H.  W.  Turner . 

Wells,  l  argo  &  Co . 

John  Taylor  &  Co . 

A.  Carlisle  &  Co . 

Pay-roll . 

E.  A.  Schneider . 

N.  V.  Nelson . 

George  Phillips  . 

Frank  Rader . 

W.  Lindgren . 

A.  Lietz  &  Co . 

G.  W.  Granniss . 

R.  R.  Hawkins . 


Field  supplies,  etc . 

Coal  oil,  etc . 

Office  and  field  supplies 

Labor . 

Field  expenditures . 

Compass,  etc . 

Traveling  expenses . 

Field  expenditures . 

Field  supplies . 

Services,  April  1  to  30,  1888 

. do . 

Rent  of  rooms . 

Pasturing  public  animals 

Field  expenditures . 

Labor,  etc  . 

Field  expenditures . 

Supplies,  repairs,  etc . 

Field  expenditures . 

. do . 

Rent  of  rooms . 

Services,  May,  1888  . 

Laboratory  supplies . 

Services,  May.  1888  . 

Map . .' . 

Services,  May,  1888 . 

Field  expenditures . 

Services,  May,  1888 . 

Harness  supplies . 

Field  expenditures . 

Traveling  expenses . 

Photographic  supplies . 

Traveling  expenses . 

Field  supplies . 

Field  expenditures . 

Cartage . 

Field  expenditures . 

Expressage . 

Laboratory  supplies . 

Office  and  field  supplies  . 

Services,  June.  1888 . 

. do . 

Pasturing  public  animals  . 

Services,  June,  1888  . 

. do . 

Field  expenditures . 

Surveyor’s  rule,  etc . 

Rent  of  rooms . 

Sundry  cash  expenditures 


$30.  50 
6.90 
32. 85 
10. 00 
92. 36 
11.26 

45. 25 

33. 75 

33. 15 
60.00 

578. 50 

52.66 
37. 50 
52. 98 

19. 75 
59.90 
20. 00 

24.94 
31.35 
52.  66 

598.  00 
89.62 
(i0. 00 
10.00 
45.00 
31.05 
35. 00 

23. 75 
36. 70 
31.55 

16.95 

11.15 
11.38 
25.10 

9.75 

57.61 

20.75 
65. 45 
24.00 

578. 50 
60.  00 

21.66 
45.00 
35.00 

24.25 
12. 20 
52. 66 

47.75 


3, 366. 09 


Abstract  of  disbursements  made  by  James  C.  Pilling,  special  disbursing  agent, 
U.  S.  Geological  Survey,  during  the  second  quarter  of  1888. 


1888. 
May  21 
21 

1 

Eugene  Ricksecker 

Traveling  expenses . 

$126.50 

13.84 

2 

. do . 

Field  expenses . 

21 

3 

George  Engle  . . 

Subsistence . 

11.77 

21 

4 

. do . 

. do . 

19.85 

21 

5 

George  H.  Curry  . 

Field  supplies . 

5.47 

21 

6 

. do  . 

. do . 

16.88 
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Abstract  of  disbursements  made  by  James  C.  Pilling ,  etc. — Continued. 


Date 
of  pay¬ 
ment. 

XT  f 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1888. 
May  21 
21 

Pay-roll . 

Pay  of  employes . 

$215. 71 
43. 15 

8 

W/F.  Griswold  . 

21 

9 

.  do . 

Field  expenses . 

33. 96 

21 

10 

George  H.  Curry . 

Subsistence . 

38.26 

21 

11 

G.  W.  Stephenson . . 

Forage  for  public  animals . . . 

34„75 

21 

12 

S.  F.  Morme 

Shoeing . . . 

48.50 

31 

13 

Pay-roll  . 

Pay-roll  of  employes . 

232. 92 

21 

14 

C.  W.  Howell . 

Services . 

60. 00 

15 

. do . 

Field  expenses . 

46. 75 

May  23 
22 

16 

R.  H.  McKee 

133. 25 

17 

H.M.  Wilson  .' . 

Field  expenses  . 

74. 50 

23 

18 

. do . 

. do . 

53. 40 

23 

19 

. do . 

53. 70 

23 

20 

Western  Union  Telegraph  Com- 

Telegrams . 

2.49 

31 

21 

pany. 

Pay-roll . 

Pay  of  employes . 

236. 05 

23 

22 

E.  T.  Perkins,  jr  . 

Traveling  expenses . 

15. 75 

28 

23 

R.  H.  McKee 

Services,  May.  1888  . 

102. 20 

28 

24 

Charles  W.  Howell 

.  do . 

60. 00 

June  1 

E.  C.  Ryan . 

. do . 

60.00 

2 

26 

T.  H.  Cook  &  Co  . . 

Subsistence . . 

32.04 

1 

27 

Paul  Holman 

Traveling  expenses . 

57. 95 

1 

28 

E.  C.  Ryan  . . 

. do . 

16. 45 

May  31 
31 

29 

. do  . . . 

Field  expenses . 

19.50 

30 

A.  F.  Dunnington .  . 

Traveling  expenses . 

130. 50 

June  5 

31 

W.  B.  Miller 

Repairs . 

4. 00 

5 

32 

James  C.  Pilling 

Traveling  expenses . 

170. 75 

4 

.33 

A.  H.  Thompson  . . 

Salary ,  May ,  1 888 . 

230.00 

5 

34 

. do  . . 

Traveling  expenses . 

107.44 

14 

. do  . . 

. do . 

179. 05 

30 

36 

Charles  W.  Howell 

Services,  June,  1888  . 

60.  00 

30 

37 

A.  T.  Kyle,  jr . 

Care  and  forage  of  public  animals  . 

71.00 

30 

38 

. do . 

. do . 

26. 65 

30 

39 

Traveling  expenses . 

143.25 

2, 988. 23 

Total  amount  expended  as  per  abstracts  herewith  during  the  fiscal  year  ending  June 

30,1888 . 

Amount  of  bonded  railroad  accounts  settled  through  Treasury  Department : 

Freight .  $526.70 

Passenger .  1 . 286. 87 


$484, 238. 57 


1,813.57 


Grand  total  . . . 


486,052.14 
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THE  CHARLESTON  EARTHQUAKE  OF  AUGUST  31  1886. 


By  Capt.  Clarence  E.  Dutton, 
U.  S.  Ordnance  Corps. 


PREFACE. 

On  tlie  -31st  of  August,  1886,  the  day  of  the  great  Charleston 
earthquake,  the  writer  of  this  monograph  was  at  the  Warm  Spring 
Indian  Reservation,  in  Oregon.  Slowly  crossing  the  Cascade  Range, 
he  reached  Portland  on  the  10th  of  September,  and  there  received 
the  first  intelligence  of  the  catastrophe;  nor  did  he  reach  Washing¬ 
ton  until  about  the  1st  of  October.  Immediately  after  the  earth¬ 
quake  the  Director  of  the  Geological  Survey  sent  Mr.  W  J  McGee 
to  Charleston  to  examine  its  effects.  Prof.  T.  C.  Mendenhall,  of  the 
U.  S.  Signal  Service,  went  a  day  later.  Each  of  these  gentlemen  col¬ 
lected  a  large  amount  of  valuable  information,  which  was  placed  at 
my  disposal.  While  in  Charleston  Mr.  McGee  became  acquainted 
with  Mr.  Earle  Sloan,  and  at  once  recognizing  his  ability,  his  interest 
in  the  subject,  and  his  eminent  fitness  for  scientific  investigation, 
secured  his  services  for  the  examination  in  detail  of  the  effects  of  the 
earthquake  in  Charleston  and  in  the  epicentral  tracts. 

In  the  meantime  Ensign  Everett  Hayden,  of  the  Navy,  who  was 
on  duty  in  my  office,  made  diligent  exertions  to  secure  from  all 
sources  throughout  the  country  information  respecting  the  extent  of 
the  region  over  which  it  was  felt,  with  indications  of  its  intensity, 
the  characteristics  of  the  shocks  or  vibrations,  the  observed  times  of 
their  advent,  and  their  durations.  A  large  number  of  circulars, 
containing  the  usual  questions,  were  sent  out,  and  it  is  gratifying  to 
be  able  to  say  that  most  of  them  were  answered.  The  substance  of 
the  circular  was  also  published  extensively  in  the  newspapers,  and 
its  questions  were  voluntarily  answered  by  many  persons.  Particu¬ 
lar  attention  was  paid  by  Mr.  Hayden  to  the  time  reports,  as  it  was 
hoped  that  data  of  exceptional  value  would  be  secured  for  the  deter¬ 
mination  of  the  speed  of  transmission  of  the  shocks.  Much  corre¬ 
spondence  was  entailed  upon  him  in  this  research,  and  his  investiga- 
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tions  were  conducted  with  great  ability.  I  am  also  indebted  to 
many  correspondents  throughout  the  country  for  valuable  co-opera¬ 
tion  in  the  collection  of  data. 

I  must,  however,  mention  with  special  gratitude  the  work  of  Mr. 
Earle  Sloan,  of  Charleston,  who  undertook  the  investigation  of  the 
epicentral  tract  of  the  earthquake.  With  great  labor  and  patience 
he  studied  the  ground  for  two  months,  and  subsequently  reviewed 
portions  of  it,  gathering  together  a  large  amount  of  information  of 
the  kind  that  was  wanted,  and  submitting  it  in  a  form  capable  of 
being  used  intelligently.  Without  his  researches  some  of  the  most 
valuable  results  of  the  study  of  this  earthquake  would  never  have 
been  realized. 

The  epicentral  tract  is  very  scantily  peopled,  and  artificial  objects 
which  could  show'  the  effects  of  the  earthquake  are  comparatively 
few.  The  tract  is  mainly  a  forest  region.  The  most  notable  struct¬ 
ures  which  exist  within  it  are  the  railroads,  and  within  a  few  days 
all  the  effects  of  the  earthquake  upon  them  were  necessarily  obliter¬ 
ated.  With  the  utmost  diligence  Mr.  Sloan  collated  every  attainable 
fact  of  this  evanescent  character  before  it  was  effaced,  or  at  least 
before  it  was  forgotten.  Certainly  the  most  valuable  characteristic 
of  Mr.  Sloan’s  work  is  tire  candid,  impartial  spirit  with  which  every 
observation  was  made  and  the  just  weight  which  is  attached  to  every 
fact.  It  is  impossible  to  bestow  higher  praise  upon  an  observer. 

In  the  preparation  of  this  work  it  seemed  necessary  that  an  ac¬ 
count  of  the  scenes  in  Charleston  during  and  immediately  following 
the  catastrophe  should  be  embodied,  and  that  it  should  be  written 
by  some  one  who  was  present  in  the  city  at  the  time.  After  consul¬ 
tation  with  several  gentlemen  who  reside  there  it  was  decided  that 
Dr.  Gf.  E.  Manigault,  of  the  Charleston  College,  should  be  invited 
to  perform  this  task.  His  scientific  knowledge,  his  calm,  judicial 
temperament  and  his  familiarity  with  the  facts  were  well  known, 
and  a  better  selection  could  not  have  been  made.  Meanwhile  Mr. 
Carl  McKinley,  assistant  editor  of  the  Charleston  Hews  and  Cou¬ 
rier,  had  been  requested  by  the  city  authorities  to  prepare  an  ac¬ 
count  for  publication  in  the  Charleston  Year  Book,  the  annual 
report  of  the  city  government.  This  very  graphic  and  eloquent, 
yet  withal  faithful  and  judicious,  narrative  is  so  excellent  a  de¬ 
scription,  that  it  seemed  worthy  of  reproduction  in  the  present 
monograph.  Mr.  McKinley  cordially  assented  to  my  request  for 
permission  to  embody  it  as  a  separate  chapter. 

When  this  work  was  begun  it  was  hoped  that,  with  the  large 
amount  of  data  which  seemed  attainable,  results  of  exceptional 
value  and  instructiveness  would  be  reached.  In  the  course  of  a  few 
months  nearly  four  thousand  reports,  from  'about  sixteen  hundred 
localities,  were  obtained,  all  of  which  were  card-catalogued  as  fast  as 
they  were  received.  The  hopes  have  been  only  partially  realized. 
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One  result  of  importance  lias  indeed  been  attained.  We  now  know 
within  a  close  approximation  how  fast  an  earthquake  wave  is  propa¬ 
gated,  and  after  a  careful  study  of  all  discussions  of  this  particular 
problem,  based  upon  the  observations  made  in  other  earthquakes,  I 
have  no  hesitation  in  declaring  my  opinion  that  the  result  from  the 
Charleston  earthquake  far  outweighs  them  all,  and  that  all  preced¬ 
ing  determinations  of  this  quantity  are  wholly  invalid  and  wide  of 
the  mark. 

The  most  striking  feature  of  the  present  result  is  its  coincidence 
with  the  rate  of  propagation,  which  is  indicated  by  the  theory  of 
wave  motion  as  the  proper  one  for  an  elastic,  nearly  homogeneous, 
solid  medium,  composed  of  such  materials  as  we  know  to  constitute 
the  rocks  of  the  outer  portions  of  the  earth.  Thus  a  new  fact  may 
be  said  to  be  added  to  the  sum  of  human  knowledge.  But  after  the 
most  careful  and  prolonged  study  of  the  data  at  hand,  nothing  has 
been  disclosed  which  seems  to  bring  us  any  nearer  to  the  precise 
nature  of  the  forces  which  generated  the  disturbance.  Severe  labor 
has  been  expended  for  many  months  in  the  endeavor  to  extract  from 
them  some  indications  respecting  this  question,  but  in  vain.  This 
problem  remains  where  it  was  before.  Having  nothing  to  contrib¬ 
ute  towards  its  solution,  I  have  carefully  refrained  from  all  discus¬ 
sion  of  speculations  regarding  the  causes  of  earthquakes. 

C.  E.  Dutton, 

Captain  of  Ordnance,  XJ.  S.  Army. 
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THE  EARTHQUAKE  AT  CHARLESTON. 

By  Carl  McKinley. 

[Note. — The  following  description  was  first  published  in  part  in  the  Charleston 
News  and  Courier  of  September  3, 1886.  At  the  invitation  of  the  city  authorities  its 
writer,  Mr.  Carl  McKinley,  of  the  editorial  stalf  of  that  paper,  undertook  the  prep¬ 
aration  of  an  account  of  the  earthquake  for  publication  in  the  Charleston  Year  Book. 
This  description,  which  had  theiadvantage  of  being  prepared  in  the  first  instance 
within  a  few  hours  after  the  disaster  by  one  who  had  the  best  possible  facilities  for  ob¬ 
taining  information,  was  subjected  to  only  a  few  verbal  changes,  but  was  greatly  am¬ 
plified  and  supplemented  in  the  light  of  information  afterwards  obtained.  The  whole 
constitutes  a  large,  valuable,  and  very  interesting  contribution  to  the  history  of 
that  momentous  event.  Mr.  McKinley  has,  with  great  courtesy,  permitted  me  to 
make  any  use  of  his  paper  that  may  be  of  service  in  connection  with  the  present 
work.  For  the  present  I  select  this  description,  reserving  the  other  parts  of  his 
paper  for  use  in  those  places  where  they  will  adapt  themselves  to  the  plan  and  logical 
order  of  this  work  and  fall  into  relation  with  other  matters  of  similar  character. — 
C.  E.  D.] 

While  engaged  in  his  usual'  duties  on  the  second  floor  of  The  News 
and  Courier  building  (Fig.  1)  at  the  time  of  the  first  shock,  the  writers 
attention  was  vaguely  attracted  by  a  sound  that  seemed  to  come  from 
the  office  below,  and  was  supposed  for  a  moment  to  be  caused  by  the 
rapid  rolling  of  a  heavy  body,  as  an  iron  safe  or  a  heavily  laden 
,  truck,  over  the  floor.  Accompanying  the  sound  there  was  a  per¬ 
ceptible  tremor  of  the  building,  not  more  marked,  however,  than 
would  be  caused  by  the  passage  of  a  car  or  dray  along  the  street. 
For  perhaps  two  or  three  seconds  the  occurrence  excited  no  surprise 
or  comment.  Then  by  swift  degrees,  or  all  at  once — it  is  difficult  to 
say  which — the  sound  deepened  in  volume,  the  tremor  became  more 
decided,  the  ear  caught  the  rattle  of  window-sashes,  gas-fixtures,  and 
other  movable  objects;  the  men  in  the  office,  with  perhaps  a  simul¬ 
taneous  flash  of  recollection  of  the  disturbance  of  the  Friday  before 
at  Summerville,  glanced  hurriedly  at  each  other  and  sprang  to  their 
feet  with  the  startled  question  and  answer,  “  What  is  that  ?”  “An 
earthquake!”  And  then  all  was  bewilderment  and  confusion. 

The  long  roll  deepened  and  spread  into  an  awful  roar,  that  seemed 
to  jDervade  at  once  the  troubled  earth  and  the  still  air  above  and 
around.  The  tremor  was  now  a  rude,  rapid  quiver,  that  agitated  the 
whole  lofty,  strong-walled  building  as  though  it  were  being  shaken 
— shaken  by  the  hand  of  an  immeasurable  power,  with  intent  to  tear 
its  joints  asunder  and  scatter  its  stones  and  bricks  abroad,  as  a  tree 
casts  its  over-ripened  fruit  before  the  breath  of  the  gale. 
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i  There  was  no  intermission  in  the  vibration  of  the  mighty  subter¬ 
ranean  engine.  From  the  first  to  the  last  it  was  a  continuous  jar, 
adding  force  with  every  moment,  and,  as  it  approached  and  reached 
the  climax  of  its  manifestation,  it  seemed  for  a  few  terrible  seconds 
that  no  work  of  human  hands  could  possibly  survive  the  shocks. 
The  floors  were  heaving  underfoot,  the  surrounding  walls  and  par¬ 
titions  visibly  swayed  to  and  fro,  the  crash  of  falling  masses  of  stone 
and  brick  and  mortar  was  heard  overhead  and  without,  the  terrible 
roar  filled  the  ears  and  seemed  to  fill  the  mind  and  heart,  dazing  per¬ 
ception,  arresting  thought,  and  for  a  few  panting  breaths,  or  while 
you  held  your  breath  in  dreadful  anticipation  of  immediate  and 
cruel  death,  you  felt  that  life  was  already  past  and  waited  for  the 
end,  as  the  victim  with  his  head  on  the  block  awaits  the  fall  of  the 
uplifted  ax. 

For  a  second  or  two  it  seemed  that  the  worst  had  passed,  and  that 
the  violent  motion  was  subsiding.  It  increased  again  and  became 
as  severe  as  before.  None  expected  to  escape.  A  sudden  rush  was 
simultaneously  made  to  endeavor  to  attain  the  open  air  and  fly  to  a 
place  of  safety;  but,  before  the  door  was  reached  all  stopped  short, 
as  by  a  common  impulse,  feeling  that  hope  was  vain — that  it  was 
only  a  question  of  death  within  the  building  or  without,  of  being 
buried  beneath  the  sinking  roof  or  crushed  by  the  falling  walls. 
The  uproar  slowly  died  away  in  seeming  distance.  The  earth  was 
still,  and  oh!  the  blessed  relief  of  that  stillness! 

But  how  rudely  the  silence  was  broken!  As  we  dashed  down  the 
stairway  and  out  into  the  street,  from  every  quarter  arose  the  shrieks, 
the  cries  of  pain  and  fear,  the  prayers  and  wailings  of  terrified 
women  and  children,  commingled  with  the  hoarse  shouts  of  excited 
men.  The  air  was  everywhere  filled  to  the  height  of  the  houses 
with  a  whitish  cloud  of  dry,  stifling  dust,  arising  from  the  lime  and 
mortar  of  the  shattered  masonry,  which,  falling  upon  the  pavement 
and  stone  roadway,  had  been  reduced  to  powder.  Through  this 
cloud,  dense  as  a  fog,  the  gas-jets  flickered  feebly,  shedding  but  little 
light,  so  that  one  stumbled  at  every  step  over  the  piles  of  bricks, 
or  became  entangled  in  the  telegraph  wires  that  depended  in  every 
direction  from  their  broken  supports.  On  every  side  were  hurrying 
forms  of  men  and  women,  bareheaded,  partially  dressed,  some  almost 
nude,  and  all  nearly  crazed  with  fear  and  excitement.  Here,  a  wife 
is  supported,  pale  and  fainting,  in  the  arms  of  her  husband.  Her 
arms  hang  listlessly  by  her  side,  her  head  has  fallen  backward  on  his 
shoulder;  he  bears  her  past,  whispering  words  of  encouragement  in 
answer  to  her  low  and  repeated  moans,  and  they  are  lost  in  the  mist. 
A  few  steps  away,  under  the  gas-lamp,  a  woman  lies  prone  and 
motionless  on  the  pavement,  with  ppturned  face  and  outstretched 
limbs,  and  the  crowd  which  has  now  gathered  in  the  street  passes 
her  by,  none  pausing  to  see  whether  she  is  alive  or  dead.  A  man 
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in  liis  shirt  sleeves,  with  blood  streaming  over  his  clothing  from  a 
wound  on  his  head,  moves  about  among  the  throng  without  being 
questioned  or  greeted;  no  one  knows  which  way  to  turn,  or  where  to 
offer  aid;  many  voices  are  speaking  at  once,  but  few  heed  what  is 
said;  you  take  note  of  all  these  things  as  one  in  a  dream.  The 
reality  seems  strangely  unreal;  and  through  it  all  is  felt  instinctively 
the  presence  of  continuing,  imminent  danger,  which  will  not  allow 
you  to  collect  your  thoughts  or  do  aught  but  turn  from  one  new 
object  to  another. 

A  sudden  light  flares  through  a  window  overlooking  the  street. 
It  becomes  momentarily  brighter,  and  a  cry  of  “  Fire !”  resounds 
from  the  multitude.  A  rush  i§  made  towards  the  spot;  a  man  is  seen 
lying  doubled  up,  silent  and  helpless,  against  the  wall;  but  at  this 
moment,  somewhere — out  at  sea — overhead — deep  in  the  ground — 
is  heard  again  the  low  ominous  roll  which  is  already  too  well 
known  to  be  mistaken.  It  grows  louder  and  nearer,  like  the 
growl  of  a  wild  beast  swiftly  approaching  its  prey,  and  all  is  for¬ 
gotten  in  the  frenzied  rush  for  the  open  space,  where  alone  there  is 
hope  of  security,  faint  though  it  be.  The  tall  buildings  on  either 
hand  blot  out  the  skies  and  the  stars,  and  seem  to  overhang  every 
foot  of  the  ground  between  them.  Shattered  cornices  and  copings, 
the  tops  of  the  frowning  walls,  lie  piled  from  both  sides  to  the 
center  of  the  street.  It  seems  that  a  touch  now  would  send  the  broken 
masses  left  standing  down  upon  the  people  below,  who  look  up  to 
them  and  shrink  together  as  the  tremor  of  the  earthquake  passes 
under  them,  and  the  mysterious  reverberations  swell  and  roll  along 
like  some  infernal  drum-beat  summoning  them  to  die.  It  passes 
away,  and  once  more  is  experienced  the  blessed  feeling  of  deliver¬ 
ance  from  impending  calamity,  which,  it  may  well  be  believed, 
evokes  a  mute  but  earnest  offering  of  mingled  prayer  and  thanks¬ 
giving  from  every  heart  in  the  throng. 

Again,  far  along  the  street,  and  up  from  the  alleys  that  lead  into 
it  on  either  side,  is  heard  the  chorus  of  wails  and  shrieks,  shouts 
and  prayers,  which,  though  it  had  not  ceased,  was  scarcely  noticed  a 
moment  before.  It  is  a  dreadful  sound;  the  sound  of  helpless,  ter¬ 
ror-stricken  humanity,  old  and  young,  the  strong  and  the  feeble 
alike  where  all  are  so  feeble,  calling  for  help  from  their  fellow-creat¬ 
ures,  and  raising  their  voices  in  anguished  petition  to  Heaven  for 
mercy,  when  no  human  aid  could  avail. 

It  is  not  a  scene  to  be  described  by  any  mortal  tongue  or  pen.  It 
is  not  a  scene  to  be  forgotten,  when  once  it  has  been  witnessed,  and 
when  the  witness  has  shared  all  its  danger  and  felt  all  its  agony. 

The  first  shock  occurred  at  about  9.51  o’clock,  as  indicated  by 
the  public  clocks,  the  hands  on  all  of  which  stopped  at  that  fateful 
point,  as  if  to  mark  the  end  of  time  for  so  many  who  had  counted 
the  recording  strokes  of  the  preceding  hour  without  a  thought  but 
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of  long  and  liappy  life.  The  second  shock,  which  was  hut  a  faint 
and  brief  echo  of  the  first,  occurred  eight  minutes  later. 

Soon  after  it  had  passed  the  writer  started  homeward,  to  find  the 
scenes  enacted  on  Broad  street  around  The  News  and  Courier  office 
repeated  at  every  step.  (Fig.  1.)  St.  Michael’s  steeple  towered  high 
and  white  through  the  gloom,  seemingly  uninjured.  (PI.  X.)  The 
station-house,  a  massive  brick  building  across  the  street,  had  lost  its 
parapet  and  the  roof  of  the  portico,  which  had  fallen  in  a  mass — kill¬ 
ing  a  woman,  whose  body  then  lay  under  the  wreck.  A  little  farther 
ontlie  portico  of  Hibernian  Hall  (PI.  XI),  a  handsome  building  in  the 
Grecian  style,  had  crashed  to  the  ground,  carrying  down  the  mass¬ 
ive  pillars  with  it.  All  the  way  up  Meeting  street,  which,  in  respect 


Fig,  1.  View  on  Broad  street. 


of  its  general  direction  and  relative  importance,  corresponds  with 
Broadway  in  New  York,  the  ground  was  piled  with  ddbris  from 
the  tops  of  the  walls  on  either  side.  In  passing  the  Charleston  Ho¬ 
tel,  which,  to  carry  out  the  comparison  above  indicated,  occupies  the 
position  of  Stewart’s  uptown  store  in  New  York,  the  third  shock 
was  felt  about  ten  minutes  after  the  second,  and  of  course  caused 
the  greatest  alarm  in  that  neighborhood,  as  elsewhere.  At  Marion 
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Square,  corresponding  with  Union  Square,  New  York,  a  great  crowd 
had  already  collected,  as  even  the  borders  of  the  extensive  plaza 
could  not  be  reached  by  the  nearest  buildings  in  event  of  their  fall, 
and  the  number  of  fugitives  was  momentarily  increased  by  new  ar¬ 
rivals  pouring  in  from  every  side.  (PI.  VII.) 

From  this  crowd,  composed  of  men,  women  and  children  of  both 
races,  arose  incessant  calls  and  cries  and  lamentations,  while  over 
the  motley,  half-clad  assembly  was  shed  the  lurid  light  of  the  con¬ 
flagration  that  had  broken  out  a  hundred  yards  beyond  the  square 
immediately  after  the  first  shock,  and  now  enveloped  several  build¬ 
ings  in  flames.  In  three  other  quarters  of  the  town,  at  the  same 
time,  similar  large  fires  were  observed  under  full  headway;1  and  the 
awful  significance  of  the  earthquake  may  be  most  fully  appreciated, 
perhaps,  when  it  is  said  that,  with  these  fires  blazing  up  at  once 
around  them,  the  people  whom  you  met  on  the  streets,  or  saw  gath¬ 
ered  together  in  groups  in  the  open  places,  evidently  did  not  give 
them  a  thought.  No  one  watched  the  ruddy  flames  or.  the  black 
pillars  of  cloud  rising  high  into  the  still  night  air.  All  were  too  in¬ 
tent  on  listening  for,  the  dreaded  recurrence  of  that  horrible  growl 
or  groan  of  the  power  under  the  sea  and  under  the  land,  or  on  watch¬ 
ing  for  the  next  manifestation  of  the  mysterious  force,  to  give  a 
thought  to  the  more  familiar  terror,  though  it  had  threatened  his 
own  home  and  every  house  in  the  doomed  city. 

Arrived  at  his  home,  the  writer  found  the  same  condition  of  affairs 
that  prevailed  elsewhere.  Every  house  in  the  vicinity  was  deserted. 
Interrupted  in  their  evening  pursuits,  or  aroused  from  sleep  by  the 
shocks  and  the  sound  of  the  fearful  ruin  being  effected  above  and 
around  them,  the  alarmed  inmates  had  rushed  into  the  streets,  and 
were  huddled  together,  trembling  and  fearful,  awaiting  the  end, 
whatever  it  might  be.  Invalids  had  been  brought  out  on  mattresses 
and  deposited  in  the  roadway,  and,  together  with  the  aged  and  the 
infant,  were  cared  for  as  tenderly  as  possible.  No  thought  was 
given  anywhere  to  treasures  left  behind  in  the  effort  to  save  the 
priceless  treasure  of  life  itself — suddenly  become  so  precious  in  the 
eyes  of  all  who  were  threatened  ‘to  be  bereft  of  it. 

The  presence  of  the  dead  and  wounded  who  were  conveyed  to  the 
parks  and  public  squares,  added  greatly,  of  course,  to  the  distress  of 
the  already  dismayed  refugees  in  those  places.  The  bodies  of  the 
victims  were  laid  on  the  ground  in  the  midst  of  the  camps,  the  dead 
being  covered  from  sight  by  shawls  or  sheets,  while  skilled  hands 
ministered  to  the  sufferers  who  were  yet  within  the  reach  of  human 
aid.  The  physicians  and  surgeons  performed  their  duty  throughout 
the  night  with  heroic  devotion,  and  many  chapters  would  be  required 
to  tell  the  story  of  their  labors  alone  as  it  should  be  told. 

Exaggerated  rumors  as  to  the  number  of  the  killed  spread  through - 


1  Nearly  twenty  buildings  were  burned,  and  all  were  on  fire  at  the  same  time. 
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out  the  city  soon  after  the  shock,  causing  needless  pain  to  many  who, 
though  spared  the  sight  of  the  scenes  of  suffering  and  death  so  near 
to  them,  yet  feared  for  the  safety  of  relatives  and  friends  of  whom 
no  tidings  could  be  heard. 

The  long,  anxious  watch  between  midnight  and  day  was  not  less 
trying  than  the  shock  itself.  The  suspense  was  indescribably  pain¬ 
ful,  and  had  no  relief  for  a  moment,  save  when  it  gave  place  to  rec¬ 
ognition  of  the  approach  and  presence  of  renewed  danger.  That  ’ 
passed,  the  breathless  vigil  began  again,  and  the  moments  seemed 
as  hours  and  the  hours  as  moments  until  the  next  dread  visitor  had 
come  and  gone.  Four  severe  shocks  occurred  before  midnight. 
Three  others  followed  at  about  2,  4,  and  8.30  o’clock,  a.  m.,  and  every 
shock  after  the  first  caused  even  more  alarm,  naturally,  than  the  first 
itself. 

The  apprehension  of  further  and  perhaps  greater  ill  was  shared 
by  every  one,  and  was  not  relieved  for  an  instant.  The  character 
and  extent  of  the  disturbing  force  were  not  known,  nor  was  there 
any  reason  to  believe  that  the  hardest  shock  had  been  experienced. 
Whether  the  blow  had  come  from  the  sea  or  from  the  land  none 
could  say.  At  any  moment  another  might  be  felt  that  would  rend 
the  earth  asunder,  or  burst  the  bounds  that  held  the  waiting  ocean 
in  check  and  drive  its  waters  sweeping  in  an  overwhelming  wave 
over  all  the  low-lying  peninsula  where  so  many  thousands  were  col¬ 
lected  together  without  hope  of  escape,  blight  and  distance  shut 
out  all  the  world.  No  word  could  be  heard  from  beyond  the  confines 
of  the  stricken  city;  no  human  hand  could  be  stretched  to  save  a 
single  soul,  whatever  fate  was  impending.  The  silence,  save  when 
broken  by  piteous  cries,  was  oppressive  in  the  extreme.  In  the  late 
hours  of  the  night  even  such  cries  would  have  been  a  relief  to  senses 
that  were  strained  to  so  great  tension  to  catch  the  first  footstep  of 
coming  danger,  the  first  low  moan  of  the  earth  in  the  throes  -of  con¬ 
vulsion.  The  air  itself  was  strangely  still.  In  the  writer's  garden 
an  unprotected  lamp  burned  until  4  o’clock,  or  later,  with  a  flame 
that  did  not  once  waver.  All  nature  seemed  to  be  waiting  in  breath¬ 
less  suspense  for  the  issue  of  the  hour,  of  the  next  minute,  the  next 
moment.  And  then !  always  with  startling  suddenness,  the  great 
fearful  Power  rushed  out  of  the  darkness  upon  the  city,  shaking  the 
ground  with  his  tread,  sending  terror  before  him,  and  leaving  trem¬ 
bling  thousands  panting  in  dismay  as  he  passed.  The  impressions 
received  at  the  time  have  doubtless  become  obscured  by  familiarity 
with  the  danger,  and  by  the  sense  of  comparative  security  that  has 
since  prevailed.  The  record  of  the  night,  none  the  less,  is  engraved 
too  deeply  in  many  hearts  ever  to  be  erased,  and  these  will  bear  wit¬ 
ness  yet  that  this  faint  sketch  enlarges  no  detail  of  the  trials  they 
endured  that  night  for  hours  that  seemed  whole  nights  in  them¬ 
selves. 
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The  rising  sun  on  Wednesday  morning  looked  on  empty  and  bro¬ 
ken  homes  and  on  streets  encumbered  with  continuous  lines  or  heaped 
masses  of  ruins,  amidst  which  the  wearied  and  shelterless  citizens 
gathered  together  in  little  groups,  or  picked  their  way  from  place  to 
place,  wondering  at  the  extent  of  the  damage  inflicted  everywhere, 
and  with  renewed  thankfulness  in  view  of  the  perils  escaped.  No 
one  was  prepared  for  the  scene  that  was  presented  by  daylight. 
Every  house  was  in  worse  condition  than  had  been  susjtected.  Some 
were  utter  wrecks,  and  many  others  were  but  little  better  off.  For 
the  first  time  the  magnitude'  of  the  disaster  began  to  be  somewhat 
appreciated. 

Those  who  flattered  themselves  that  the  morning  had  brought  an 
end  to  their  terrors  and  trials,  however,  and  who  timidly  ventured 
to  return  within  doors  to  commence  the  work  of  temporary  repair 
or  to  provide  for  the  wants  of  the  day,  were  quickly  undeceived. 
Another  shock  occurred  about  8.30  o'clock,  and  caused  the  more  ex¬ 
citement  and  apprehension  because  of  the  knowledge,  that  had  now 
become  general,  of  the  dangerous  condition  of  the  buildings,  and  of 
the  effects  that  might  be  expected  to  follow  any  further  violent  agi¬ 
tation.  It  had  become  known,  too,  that  very  many  persons  had  been 
killed  and  wounded  during  the  night,1  and  that  the  ground  had 
opened  in  numerous  places  in  and  around  the  city,  the  number  and 
extent  of  the  fissures  being  of  course  greatly  exaggerated.  Some 
alleged  authoritative  predictions  of  further  violent  shocks  had  also 
obtained  circulation  and  credence.  The  latest  shock,  therefore,  nat¬ 
urally  caused  wide-spread  consternation.  Another  occurred  about  1 
p.  m.,  another  at  5  p.  m.,  and  another  about  8  p.  m.  Those  of  the 
day  fully  determined  all  to  avoid  their  houses  until  the  disturb¬ 
ances  had  ended  or  appreciably  moderated.  Tents,  awnings,  and 
rude  habitations  of  varied  description  were  erected  everywhere  for 
such  protection  as  they  could  afford.  The  entire  population  of  the 
city  was  collected  in  the  parks  and  streets,  except  a  few  families  that 
had  found  refuge  on  the  ships  in  the  harbor.  There  was  no  lack  of 
food,  except  that  caused  by  the  limited  means  for  preparing  it.  The 
day  was  spent  in  improvising  such  necessary  arrangements  for 
camping  out  as  the  circumstances  required  and  permitted. 

The  general  aspect  of  the  city  is  scarcely  a  subject  for  detailed 
description,  and  can  more  readily  be  conceived  than  put  in  words. 
It  is  enough  to  say  that  not  more  than  a  half  dozen  houses  escaped 
injury,  and  that  the  damage  to  all  would  be  represented  by  the  dem¬ 
olition  of  one-fourtli  of  the  buildings  on  Charleston  Neck;  by  the 
leveling  of  the  houses  south  of  Broad  street;  or  by  the  destruction 

’The  number  of  killed,  as  shown  by  the  official  records,  was  27:  whites,  7;  col¬ 
ored,  20.  The  number  of  wounded  has  never  been  ascertained.  The  total  number 
of  deaths  attributed  to  injuries,  cold,  and  exposure  was  83,  which  is  not  believed  to 
cover  the  actual  deaths  from  these  causes. 
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of  a  city  larger  than  Columbia.  The  ruins  lay  piled  in  the  streets, 
yards,  and  gardens,  and  the  houses  from  which  they  had  fallen 
seemed  ready  to  crumble  of  their  own  weight.  Travel  was  confined 
to  the  middle  of  the  streets  and  was  impeded  there.  It  is  impossible 
to  estimate,  even  approximately,  the  amount  of  masonry  that  was 
thrown  into  the  streets;  but  it  may  be  guessed  at  in  some  sort  when 
it  is  said  that  the  wreckage  caused  by  the  cyclone  of  the  year  before 
amounted  to  over  ten  thousand  cart-loads,  all  of  which  was  removed 
within  the  week  following.  The  debris  in  a  few  streets  after  the 
earthquake  would  have  equaled  in  mass  all  of  a  similar  kind  that 
was  caused  by  the  storm,  and  every  street  was  obstructed  more  or 
less  throughout  its  length.1  The  work  of  removal  was  continued 
for  months,  and  at  the  end  of  the  year,  and  after,  unsightly  piles 
were  still  encountered  in  out  of  the  way  places,  where  they  did  not 
interfere  with  public  or  private  convenience.  There  was  enough, 
and  more  than  enough,  evidence  of  the  ruin  that  had  been  wrought 
to  oppress  the  most  hopeful  mind,  and  strangers  visiting  the  city 
during  the  succeeding  winter  season  were  appalled  by  even  the  re¬ 
maining  signs  of  destruction  which  met  their  view.  What  it  all 
meant  to  the  people  of  Charleston  on  the  morning  of  September  1, 
and  the  emotions  to  which  it  gave  rise,  can  not  be  told.  But  the  peo¬ 
ple  were  familiar  with  disaster,  and  one  or  two  days  later  the  writer 
saw  a  crowd  of  common  laborers  busily  engaged  in  picking  out  and 
piling  bricks  from  the  wreck  of  the  fallen  wall  of  a  building  while 
the  standing  walls  beside  them  were  being  shaken  almost  hourly  by 
the  recurring  tremors. 

Communication  with  the  outer  world  was  cut  off  simultaneously 
Avith  the  first  shock,  the  railways  having  been  rendered  impassable 

’The  damage  caused  by  the  cyclone  was  finally  estimated  at  about  $1,500,000. 
The  records  of  the  city  assessor’s  office  show  that  the  damages  caused  by  the  earth¬ 
quake  were  officially  estimated  during  the  following  week  at  about  $5,000,000. 
The  United  States  Engineer  Commission,  appointed  at  the  request  of  the  mayor  to 
determine  the  condition  of  the  houses,  carefully  examined  nearly  two  thousand 
buildings.  In  their  report  they  say:  “We  estimate  approximately  that  the  build¬ 
ings  upon  which  we  have  rendered  reports  can  not  be  thoroughly  repaired  for  less 
than  $2,000,000,  and  the  remaining  buildings,  while  of  slight  consequence  as  regards 
their  danger  to  their  owners,  their  occupants,  and  the  public,  will  swell  the  mon¬ 
eyed  value  of  real  estate  damages  to  a  total  of  from  $5,000,000  to  $6,000,000.”  A 
board  of  inspectors,  consisting  of  an  architect  and  builder,  were  also  appointed  by 
the  insurance  companies  transacting  business  in  Charleston  to  investigate  the  con¬ 
dition  of  the  houses.  The  board  reported  that  they  had  inspected  6,956  buildings; 
that  9.)  per  cent,  of  the  brick  buildings  were  injured  more  or  less,  while  frame 
buildings  suffered  from  falling  chimneys,  cracked  plastering,  and  injured  founda¬ 
tions  ;  thaL  “not  100  out  of  14,000  chimneys  escaped  injury,  and  95  per  cent,  of 
these  14,000  were  broken  off  at  the  roof  and  went  to  the  ground.”  The  whole 
number  of  buildings  adjudged  unsafe  and  ordered  to  be  pulled  down  was  102. 
Some  of  these  were  preserved  by  wholesale  repairs,  while  others,  that  were  not 
condemned  by  the  commission,  proved  to  be  wrecks  on  closer  examination,  and 
were  demolished  by  the  owners. 
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to  trams,  and  the  telegraph  lines  broken  down  in  the  city  and  for  a 
long  distance  without.  Nothing  was  known  on  Wednesday  of  the 
area  of  the  disturbance,  nor  whether  Charleston  had  suffered  more 
or  less  than  other  places.  The  isolation  was,  of  course,  a  source  of 
additional  anxiety,  and  the  inhabitants  of  the  city  were  shut  up  to 
the  contemplation  of  their  own  trouble  and  danger.  Later  in  the 
day  a  brief  telegraphic  dispatch  was  sent  abroad,  and  afforded  the 
first  information  to  the  country  that  the  coast  had  not  been  swept 
and  submerged  by  a  tidal  wave,  as  was  reported  and  believed.  Fuller 
accounts  were  sent  to  Summerville  by  The  News  and  Courier, 
and  were  thence  telegraphed,  via  Washington,  to  the  press  of  the 
United  States  for  publication  next  day.  The  first  detailed  informa¬ 
tion  received  in  Columbia,  Augusta,  and  other  neighboring  cities  a& 
to  the  condition  of  affairs  in  Charleston  was  obtained  in  this  way 
on  Thursday  morning.  Reports  from  without  were  also  received  in 
Charleston  by  this  time,  and  showed  that  the  greatest  force  of  the 
shock  had  been  expended  in  and  around  the  city.  The  volcanic 
theory,  which  had  been  promptly  advanced  by  some  to  account  for 
the  shocks,  obtained  prominence  on  the  strength  of  the  information, 
and  was  re-enforced  by  rumors  that  steam  and  smoke  and  blue  flames 
had  been  seen  issuing  from  fissures  near  Summerville  and  elsewhere 
and  that  showers  of  pebbles  had  fallen  in  places  in  the  city.  The 
steam  and  smoke  and  flames  had  their  origin  in  excited  imagina¬ 
tions.  Two  slight  “showers”  of  pebbles,  to  the  amount  of  perhaps 
a  quart  or  more,  undoubtedly  fell  in  the  rear  of  The  News  and  Cou¬ 
rier  building.  The  phenomenon  was  confined,  so  far  as  known,  to  a 
space  of  fifty  square  yards,  and  its  source  must  be  inferred  from 
these  facts. 

For  several  days  after  the  railroads  were  first  repaired,  which  was 
promptly  effected,  every  train  was  crowded  with  panic-stricken  ref¬ 
ugees  fleeing  to  the  upper  portions  of  the  State,  where  they  were 
kindly  welcomed  and  hospitably  cared  for.  It  was  a  time  of  general 
alarm  and  fear  of  immediate  further  disaster.  The  railroads  gener¬ 
ously  offered  free  transportation  to  those  who  could  not  pay  their 
way,  and  the  number  of  fugitives  ran  up  into  the  thousands  before 
a  feeling  of  comparative  confidence  and  safety  was  restored. 

It  must  not  be  supposed,  however,  that  all  the  citizens  were  so 
demoralized.  The  authorities  and  subordinates  in  every  depart¬ 
ment  of  the  local  government  remained  at  their  posts  and  discharged 
their  difficult  and  added  duties  with  a  zeal  and  ability  befitting  the 
occasion,  and  that  took  no  note  of  personal  risk  or  private  interest. 
Aid  and  relief  were  promptly  extended  to  all  who  were  in  need.  The 
public  offices  and  institutions  were  kept  open  or  removed  to  con¬ 
venient  places;  order  was  preserved;  private  citizens  devoted  their 
time,  energies,  and  money  without  stint  to  the  service  of  the  com¬ 
munity;  and  so  efficiently  was  the  work  of  organized  succor  per~ 
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formed,  both  then  and  later,  that  none,  however  poor  and  humble, 
who  made  his  wants  known  or  could  be  discovered  by  vigilant  in¬ 
quiry  and  search,  suffered  for  food  or  for  such  shelter  as  could  be 
provided.  The  pastors  of  the  various  congregations  labored  stead¬ 
fastly  and  untiringly  in  their  peculiar  sphere  and  in  assisting  the 
efforts  of  the  relief  committees.  The  ladies  of  the  city  forgot  their 
own  fears  and  discomforts  in  ministering  to  the  necessities  of  the 
wounded,  the  suffering,  the  sick,  and  the  poor.  Thousands  of  blacks 
and  whites  alike — no  difference  was  recognized  and  no  discrimina¬ 
tion  shown — were  the  recipients  of  the  bounty  of  their  more  fortu¬ 
nate  fellow-citizens,  who  proved  to  be  neighbofs  indeed  in  the  hour 
of  misfortune.  There  were,  too,  it  need  scarcely  be  said,  countless 
instances  of  unselfish  devotion,  of  kind  and  loving  regard,  between 
master  and  servant,  mistress  and  maid,  throughout  the  whole  sea¬ 
son  of  trial,  that  showed,  as  could  not  have  been  shown  under  any 
other  circumstances,  how  strong  is  the  tie  that  yet  binds  the  races 
together. 

This  experience  of  the  dread  occurrence  will  never  be  forgotten 
on  either  side.  An  additional  evidence  of  the  helpful  and  generous 
spirit  that  actuated  all  classes  was  afforded  by  the  conduct  of  the 
captains  and  crews  of  the  vessels  in  port.  These  vessels,  of  every 
size,  were  quickly  crowded  by  families  that  fled  to  them  for  refuge, 
and  all  who  came  were  made  welcome  and  were  provided  for  to  the 
limit  of  the  ability  of  the  sea-faring  men  in  so  unlooked-for  an  emer¬ 
gency.  Common  sailors,  some  of  whom  had  been  made  familiar 
with  like  scenes  by  their  experience  in  the  ports  of  other  countries, 
went  ashore  early  on  Wednesday  morning  and  labored  hard,  without 
offer  or  thought  of  compensation,  in  every  place  where  their  services 
could  be  employed.  The  names  of  these  gallant  and  humane  toilers 
of  the  sea  can  not  be  recorded,  but  their  deeds  are  known,  and  their 
noble  conduct  will  ever  be  remembered  to  the  honor  and  glory  of 
their  calling. 

The  rare  devotion  to  duty  displayed  by  the  firemen,  the  hospital 
nurses,  and  others,  on  Tuesday  night,  as  well  as  the  arduous  and 
admirable  labors  of  the  several  relief  committees  in  response  to  the 
exacting  demands  made  upon  them  during  the  long  weeks  of  trial 
that  followed,  deserve  the  fullest  recognition.  The  public  records 
show  in  how  high  appreciation  the  conduct  of  all  these  is  held,  and 
will  always  be  held,  by  the  community.  It  is  not  necessary  to  at¬ 
tempt  to  add  aught  here  to  what  has  been  said  so  well  by  the  repre¬ 
sentatives  of  the  people  themselves.  The  story  of  the  receipt  and 
distribution  of  the  offerings  of  half  the  world  to  the  stricken  city 
would  alone  fill  a  volume.  It  can  not  be  told  in  these  pages,  and 
the  grateful  task  must  be  left  to  those  to  whom  it  has  been  com¬ 
mitted. 
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The  spirit  of  the  business  community  was  likewise  displayed  in 
the  most  favorable  light.  Many  of  the  merchants  and  managers  of 
the  various  industries  in  the  city  were  prominently  identified  with 
the  work  of  relief  or  the  control  of  affairs  by  virtue  of  their  posi¬ 
tion,  or  influence,  or  peculiar  fitness  for  the  duties  suddenly  imposed 
upon  them;  but  aside  from  these  numerous  individual  instances,  the 
business  men  as  a  body  showed  rare  courage  and  energy  in  the  pres¬ 
ence  of  so  adverse  conditions.  Some  of  the  stores  were  closed  during 
Wednesday,  and  some  had  been  destroyed  or  rendered  unsafe  for 
occupation.  By  noon  of  Thursday,  however,  all  were  opdn  for  busi¬ 
ness  that  could  be  opened,  and  the  novel  wants  of  the  public  were 
promptly  supplied.  Some  of  the  stores,  indeed,  presented  an  ap¬ 
pearance  of  unusual  activity,  and  systematic  inquiries  conducted  by 
the  reporters  of  The  News  and  Courier  elicited  the  brave  responses 
that  “business  was  as  good  as  could  be  expected  under  the  circum¬ 
stances;”  that  “Charleston  had  pulled  through  great  disasters  be¬ 
fore,  and  would  survive  the  latest  and  greatest  one;”  that  all  were 
“ready  to  meet  every  demand  that  could  be  made'upon  them;”  that 
“goods  would  be  shipped  to  the  country  to  fill  orders  by  the  first 
outgoing  train  and  every  succeeding  one;”  that  “  a  good  fall  trade 
was  expected,  earthquake  or  no  earthquake;”  and  that  “Charleston 
was  a  good  enough  place  for  them,  and  they  intended  to  stick  by  it  as 
long  as  their  buildings  and  the  ground  held  together.  ”  These  were 
not  empty  words  nor  idle  promises.  All  that  was  said  was  meant, 
and  every  promise  was  kept  to  the  letter.  Twenty-four  hours 
later  the  tide  of  business  had  nearly  resumed  its  usual  flow,  and  no 
dealer  or  buyer  outside  of  the  city  had  reason  to  complain  that  the 
effects  of  the  shock  had  been  felt  in  any  of  the  multitudinous  chan¬ 
nels  of  trade  and  enterprise.  A  better  showing  than  this  surely 
was  never  made  by  business  men  anywhere  under  circumstances  of 
great  public  depression  or  calamity. 

Wednesday  night  was  passed  out  of  doors  by  practically  the  en¬ 
tire  population  of  the  city.  Tents  were  constructed  of  carpets, 
blankets,  shawls,  sheets,  etc. ,  and  they  who  could  sleep  rested  on 
pallets  spread  on  the  ground,  or  on  couches  formed  of  the  material 
at  hand.  The  children  of  one  of  the  orphan  houses  were  sheltered 
by  planks  placed  at  an  angle  against  the  fence  surrounding  their 
play-ground,  under  which  cover  the  little  ones  lay  down  together. 
Prayer  meetings  were  held  in  many  places,  and  the  singing  of  hymns 
and  the  exhortations  of  the  colored  pastors  addressing  their  flocks 
were  heard  on  every  hand. 

A  few  minutes  before  midnight  a  sharp  tremor  occurred,  which 
startled  the  watchers  and  brought  many  sleepers  to  their  feet.  The 
singing  and  exhorting,  which  had  somewhat  subsided,  broke  out 
anew  and  continued  until  a  late  hour.  It  is  recorded  of  this  tremor 
that  its  coming  was  preceded  by  quite  a  number  of  explosions,  re- 
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mote  and  subdued  in  sound,  which  began  to  be  heard  fully  five  min¬ 
utes  before  the  vibration  was  felt;  and  that  “  its  passage  was  marked 
by  the  sound  of  falling  walls  and  buildings.”  The  words  which  are 
quoted  contain  an  erroneous  idea  of  the  force  of  the  disturbance. 
The  sound  referred  to  was  probably  caused  by  the  falling  of  masonry 
that  had  been  badly  shattered  by  the  first  shock  and  was  readily 
overthrown.  The  tremor  was  not  much  more  severe,  perhaps,  than 
those  of  the  day,  but,  occurring  in  the  night,  and  so  near  the  time  of 
the  heavy  shock  on  the  night  before,  it  sufficed  to  drive  sleep  from 
many  eyelids  until  day  dawned  again.  It  will  scarcely  excite  either 
surprise  or  amusement  when  the  fact  is  mentioned  that  the  sudden 
peal  of  an  alarm  clock  in  one  of  the  camps  in  the  morning  hours 
emptied  every  tent  within  hearing. 

The  fears  of  the  people  gradually  moderated  during  the  week 
following,  notwithstanding  decided  tremors  continued  to  be  felt  at 
intervals.  A  few  returned  to  their  houses;  those  who  remained 
in  the  camps  made  themselves  as  comfortable  as  they  could.  Food 
was  systematically  distributed  by  the  relief  committees  to  all  who 
applied  for  it,  and  substantial  huts  and  shanties  were  speedily 
erected  in  the  public  squares  and  vacant  lots,  adding  greatly  to  the 
comfort  of  the  refugees,  and  providing  retreats  in  case  of  rain. 
Tents  were  sent  into  the  city  from  every  part  of  the  country,  as 
soon  as  the  need  of  them  was  generally  known.  The  supply  event¬ 
ually  exceeded  the  demand.  The  weather  remained  dry  and  fine 
during  the  period  when  the  people  were  most  exposed  and  sometime 
afterwards,  except  for  a  heavy  shower  on  Sunday  night,  September 
5,  that  wet  many  of  the  campers-out  to  the  skin  and  made  their  con¬ 
dition  miserable  indeed. 

The  experience  of  the  people  on  the  islands  and  the  mainland  im¬ 
mediately  around  Charleston  must  be  gathered  from  the  reports 
published  at  the  time;  and  in  the  absence  of  any  means  of  verifying 
the  accounts  given,  the  statements  as  to  some  of  the  effects  of  the 
shock  must  be  received  with  allowance  for  the  excited  condition  of 
the  observers. 

At  Mount  Pleasant,  and  at  Moultrieville  on  Sullivan’s  Island,  the 
shocks  and  tremors  were  felt  about  the  same  time  as  in  Charleston, 
but  were  somewhat  subdued  in  force.  The  description  of  events 
and  scenes  in  the  city  may  therefore  be  applied  to  these  two  villages 
in  some  measure,  the  difference  in  their  favor  being  that  no  loss  of 
life  or  personal  injury  befell  any  of  their  inhabitants,  owing,  doubt¬ 
less,  to  the  fact  that  frame  residences  are  the  rule  in  both  places. 
No  great  damage  was  inflicted  upon  the  houses,  which,  however, 
were  rudely  rocked  about,  causing  the  overthrow  of  most  of  the 
chimneys  and  a  general  breaking  of.  plastering,  crockery,  and 
glassware.  The  shocks  on  Tuesday  night  of  course  caused  great 
excitement  and  terror,  and  the  people  spent  the  night  in  the  open 
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air,  and  shared  to  the  full  the  fearful  anticipations  of  their  neigh¬ 
bors  and  friends  in  the  city.  Rumblings  were  plainly  heard  before 
every  shock.  There  were  no  falling  buildings  at  either  place  to  pro¬ 
duce  these  sounds,  and  it  may  be  accepted,  therefore,  that  the  roar¬ 
ings  heard  in  Charleston  were  not  so  produced. 

A  number  of  young  people  were  assembled  at  a  dancing  party  on 
the  island,  and  all  heard  the  premonitory  roar  too  plainly  to  be  mis¬ 
taken.  The  statement  of  the  reporter  of  The  News  and  Courier,  Avho 
was  present,  is  as  follows:  ‘‘Not  more  than  three  dances  had  taken 
place,  when  above  the  strains  of  the  band  came  the  now  familiar 
and  much-dreaded,  low,  rumbling  noise.  Everyone  stopped  instan¬ 
taneously  to  listen.  Ten  seconds  afterwards  the  house  rocked  so 
violently,  that  for  the  moment  it  was  doubtful  if  it  would  stand.” 
The  same  writer  noticed  that  the  initial  disturbance  was  made  up 
of  three  successive  shocks,  following  each  other  so  closely,  that  one 
scarcely  ended  before  another  began.  This  fact  was  observed  by 
other  persons  in  Charleston  and  elsewhere. 

Many  small  fissures  in  the  ground  were  found  next  morning  in  and 
near  the  village  of  Mount  Pleasant,  being  of  the  same  character  as 
those  in  Charleston,  though  much  more  numerous.  The  depths  of 
the  fissures  could  not  be  determined,  and  the  surface  of  the  ground 
about  them  was  covered  with  quantities  of  ejected  mud  and  water. 
One  of  the  public  wells  in  the  village,  about  twenty  feet  in  depth, 
had  filled  with  soft  mud,  that  was  forced  upward  with  so  great  en¬ 
ergy  as  to  throw  off  the  covering  of  the  well  and  overflow  the  street 
for  some  distance.  On  the  beach  were  small  mounds  of  “  sand,”  in 
which  were  depressions  containing  fresh  water.  A  large  basin  or 
sink  in  the  village,  which  was  dry  on  Tuesday,  was  likewise  discov¬ 
ered  to  be  filled  with  fresh  water.  Immediately  after  the  great  shock 
on  Tuesday  night  a  strong  odor,  remarkable  for  the  presence  of  sul¬ 
phur  gases,  permeated  the  atmosphere,  and  was  perceptible  through¬ 
out  the  night.  The  same  odor  was  detected  in  Charleston,  but  was 
there  lost  in  others  of  a  more  offensive  character. 

On  James  Island  “the  rumbling  was  distinctly  heard  before  any 
shock  was  felt,”  and  the  direction  of  the  motion  was  reported  to  have 
been  “from  the  southwest,  passing  off  towards  the  north.”  The 
island  was  violently  shaken,  “many  persons  being  unable  to  leave 
their  beds  until  the  first  shock  was  over.”  In  hundreds  of  places 
the  earth  opened  in  long  cracks,  from  many  of  which  large  bodies 
of  cold  water,  mixed  with  sand  and  blue  mud,  gushed  out.  These 
cracks  appeared  principally  in  low  places.  The  population  of  the 
island  passed  the  night  out  of  doors.  The  colored  people  organized 
religious  meetings,  and  the  time  until  daylight  was  passed  in  sing¬ 
ing  and  praying  in  the  churches.  The  sensation  of  nausea,  that  was 
felt  so  generally  by  people  in  Charleston,  was  also  felt  by  people  on 
the  island. 
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The  correspondent  who  made  the  foregoing  report  of  the  disturb¬ 
ance  was  in  a  boat,  about  a  quarter  of  a  mile  from  shore,  when  the 
disturbance  occurred.  The  effect  of  the  shock,  under  these  circum¬ 
stances,  is  thus  described:  “  The  boat  was  drifting,  and  the  rumbling 
noise  could  be  heard  distinctly,  coming  from  the  sea,  before  any 
shock  was  felt.  Then  the  keel  of  the  boat  seemed  seized  by  a  mighty 
hand  and  violently  shaken  from  side  to  side,  producing  a  feeling 
closely  approaching  seasickness  in  all  the  occupants.”  It  should  be 
noted  that  the  correspondent,  who  was  most  favorably  situated  for 
the  purpose  of  observation,  testifies  tiiat  the  roar  was  heard  dis¬ 
tinctly  before  the  shock  was  felt;  and  that  the  sensation  experienced 
by  the  occupants  of  the  boat  was  unmistakably  that  of  nausea.  The 
nervous  excitement  and  nausea  experienced  by  so  many  persons 
in  Charleston  and  elsewhere  are  commonly  attributed  to  an  elec¬ 
tric  agency,  but  appear  from  this  statement  to  have  been  the  ef¬ 
fects  of  the  violent  and  unaccustomed  motions  to  which  they  were 
subjected. 

In  St.  Andrew's  Parish,  which  lies  across  the  Ashley  River  from 
Charleston,  numerous  small  holes  and  craterlets  were  formed  by  the 
shock,  and  from  these  blue  mud  and  parti-colored  sands  were  emitted 
in  varying  quantities,  the  water  and  mud  spouting  up  in  places  dur¬ 
ing  a  short  interval  to  the  height  of  five  or  ten  feet.  (PI.  XXIII.) 

At  Cainhoy,  a  small  settlement  near  the  headwaters  of  Cooper 
River,  twenty  shocks  were  reported  to  have  been  felt  on  Tuesday 
night  ;  no  greater  damage  being  occasioned,  however,  than  the  de¬ 
struction  of  chimneys.  The  water  of  the  river,  which  at  that  point 
is  half  a  mile  wide,  was  “violently  disturbed  during  the  first  three 
shocks,”  and  great  quantities  of  mud  and  water  were  ejected  from  a 
large  fissure  near  the  village.  A  wave  of  considerable  height  was 
reported  by  the  colored  people  to  have  advanced  up  Cooper  River  at 
the  time  of  the  first  shock,  and  to  have  overflowed  the  neighboring 
rice  fields.  The  fact  of  the  overflow  was  subsequently  established, 
but  its  origin  has  not  been  clearly  determined.  The  undulating  mo¬ 
tion  of  the  ground  at  Cainhoy  was  reported  to  have  been  so  violent 
that  it  was  very  difficult  for  a  person  to  stand  erect  while  it  continued. 
A  sensation  of  oppressive  heat  is  said  to  have  preceded  the  shock  at 
that  place,  and  it  is  distinctly  noted  that  a  sudden  deep  rumbling 
sound  was  heard  before  any  tremor  was  felt. 

These  reports,  and  others  that  might  be  added,  show  that  the  shock 
wassfelt  in  the  country,  for  miles  in  all  directions,  nearly  as  strongly 
as  in  Charleston;  that  the  same  alarm  prevailed  everywhere;  that 
the  testimony  as  to  the  duration  and  direction  of  the  agitation  is 
hopelessly  conflicting;  and  that  the  roar  was  certainly  heard  before 
the  shock  was  felt  in  nearly  every  instance. 

9  geol - 15 


226 


THE  CHARLESTON  EARTHQUAKE. 


THE  EARTHQUAKE  AT  CHARLESTON. 

By  G.  E.  Manigault,  M.  D. 

The  city  of  Charleston,  S.  C.,  as  the  accompanying  map,  PI.  IX,  will 
show,  is  situated  on  a  narrow  tongue  of  land  between  the  two  rivers 
Ashley  and  Cooper.  In  order  the  better  to  understand  the  nature 
of  the  site  another  plat  of  the  locality  at  the  time  of  the  founding 
of  the  city  is  added  (PI.  VIII).  This  will  enable  any  one  to  compre¬ 
hend  how,  owing  to  the  numerous  creeks  with  which  this  tongue 
of  land  was  intersected,  it  became  necessary,  as  the  city  extended 
its  limits,  to  fill  up  those  low  places;  and  whenever  to  this  day  any 
building  is  being  erected  on  “  made  land  ”  if  the  owner  desires  a  solid 
and  permanent  construction,  it  is  absolutely  necessary  for  him  to 
undergo  the  expense  of  piling  thoroughly  for  his  foundations. 


Fig.  3.  Residence  of  ante-Revolutionary  period. 


MAP  OF  CHARLESTON  IN  1704. 


NINTH  ANNUAL  REPORT  PL.  VIII 


dutton.]  DE.  MANIG AULTS  ACCOUNT.  227 

The  first  important  public  buildings  erected  under  the  colonial 
government  were  located  upon  the  most  elevated  sites  that  could  be 
found  at  the  south  end  of  the  promonotory.  The  churches  of  St. 
Philip  and  St.  Michael,  the  Exchange  (Fig.  3),  now  the  post-office, 
and  the  powder  magazine  in  Cumberland  street,  between  Church 
and  Meeting  streets,  are  evidences  of  this  choice.  The  ground  on 
which  they  stand  is  solid  ground,  and,  as  specimens  of  substantial 
brick- work,  the  three  last  named  cannot  be  excelled  by  any  build¬ 
ing  that  dates  from  the  same  period  in  any  of  the  older  Atlantic 
cities.  St.  Philip's  Church  is  excepted  from  this  favorable  opinion 
as  to  substantial  construction,  because  the  original  building  was . 
destroyed  by  fire  in  1835,  and  the  rebuilding  of  the  church  dates 
from  that  year.  (PI.  XVI.) 


Fig.  3.  The  government  building. 

These -three  are  the  only  government  and  public  buildings;  but 
as  there  was  much  prosperity  in  the  province  of  South  Carolina 
under  the  Crown,  sufficient  wealth  was  soon  accumulated  by  the  citi¬ 
zens  of  Charleston  to  enable  them  to  erect  dwellings  which  were  in 
no  way  inferior  in  point  of  solidity  to  either  the  churches  or  other 
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buildings  wliicli  were  the  property  of  the  government.  In  addition 
to  the  professional  and  mercantile  classes,  many  of  the  large  planters 
made  Charleston  their  home  during  at  least  half  of  the  year,  and 
most  of  their  dwellings  were  durably  and  solidly  built. 

Among  the  most  important  of  the  private  residences  still  standing 
are  a  large  house  on  the  west  side  of  Beden’s  alley,  long  ago  aban¬ 
doned  by  fashionable  occupants;  several  in  Church  street,  between 
South  Battery  and  Broad,  among  which  may  be  mentioned  the  Hey¬ 
ward  house,  occupied  by  General  W ashington  when  he  visited  Char¬ 
leston  in  1791,  a  large  double  house  on  the  south  side  of  Broad 
street,  numbered  85  and  87,  with  arched  carriage-way  in  the  center; 
the  Smith  block,  in  Meeting  street,  between  the  court-house  and 
Hibernian  Hall;  and  the  large  dwelling  in  Court-house  Square,  built 
originally  by  the  Blake  family;  also  the  Pringle  residence,  in  King 
street,  which  excited  the  admiration  of  Mr.  Josiah  Quincy,  of  Bos¬ 
ton,  when  he  was  entertained  there,  a  few  years  before  the  Revolution, 
by  its  owner,  Mr.  Miles  Brewton.  The  Elliott  mansion,  on  the  west 
side  of  Meeting  street,  north  of  Queen,  was  one  of  the  most  pleasing 
of  the  time  in  its  exterior,  but  it  was  destroyed  in  the  great  fire  of 
December,  1861. 

All  of  these  houses  are  known  to  have  been  built  before  the  Revo¬ 
lution,  and  so  English  was  their  appearance,  that,  in  the  case  of 
Smith  idw  before  its  interior  was  burnt  out  in  the  same  fire,  it 
resembled  exactly,  with  its  small  wooden  balconies  attached  to  the 
second  floor,  dozens  of  houses  that  can  be  seen  in  London  at  the 
present  day  on  the  thoroughfares  leading  from  St.  Paul’s  to  the 
Bank  of  England.  They  are  all  built  with  thick  walls,  and  the 
bond  by  which  they  are  held  together  is,  in  the  language  of  the 
mason,  the  ‘‘Flemish  bond”  on  the  front  and  sides  and  the  “  En¬ 
glish  bond”  on  the  rear.  This  latter  is  not  as  ornamental  as  the 
first,  but  is  equally  strong. 

Upon  examining  the  interior  parts  of  these  walls,  which  have  been 
exposed  for  purposes  of  repair,  it  can  easily  be  seen  how  thorough 
the  work  was;  there  being  complete  adhesion  between  the  bricks 
and  the  mortar  in  which  they  were  laid.  The  entire  walls,  when 
completed,  were  put  together  compactly,  and  have  stood  for  over  a 
century  as  monuments  of  the  substantial  and  honest  work  of  the 
time.  The  bricks  were  not  the  smooth  machine-pressed  bricks  of 
the  present,  but  were  made  by  hand,  and,  the  surfaces  being  some¬ 
what  rough,  the  mortar  adhered  with  greater  tenacity.  They  were 
all  selected  from  the  kilns,  and  were  known  by  the  dealers  as  the 
Carolina  gray  brick.  Their  manufacture  has  entirely  ceased  for 
some  years.  They  much  resembled  the  brick  seen  in  the  older  parts 
of  London. 

But  excellent  as  their  quality  was,  and  carefully  as  they  were  laid 
in  the  mortar  during  the  progress  of  the  work,  the  durable  charac- 
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ter  of  the  walls  was  probably  due  more  to  the  lime  from  which  the 
mortar  was  made  than  to  the  bricks  themselves.  This  lime  was  in¬ 
variably  made  from  oyster  shells,  which  were  gathered  at  the  months 
of  the  various  rivers  and  inlets  bordering  the  coast,  where  they  are 
washed  up  by  the  action  of  the  water,  and  sorted  out  into  layers  of 
different  sizes  by  the  tides  and  currents,  in  such  a  way  as  to  render 
it  possible  to  obtain  quantities  of  any  uniform  size  that  may  be 
wanted.  The  industry  of  burning  lime  from  shells  was  an  important 
one,  and  continued  so  until  the  cheaper  stone  limes  from  the  North¬ 
ern  States  were  introduced,  and  the  home-made  article  gradually  was 
driven  out  of  the  market.  This  did  not  occur,  however,  until  about 
the  year  1838;  and  during  the  closing  years  of  the  last  century,  as 
well  as  during  almost  the  entire  first  half  of  the  present,  whenever 
a  brick  dwelling  was  to  be  built,  the  owner  of  which  was  able  to  use 
the  best  material,  it  was  invariably  the  rule  that  the  brick  chosen 
was  the  gray  brick  above  described,  that  the  mortar  was  made  from 
shell  lime,  and  that  the  bonds  of  the  masonry  were  the  Flemish  and 
the  English  bonds.  There  are  many  specimens  still  standing  in 
various  parts  of  the  city  of  this  substantial  work,  consisting  of 
houses  erected  up  to  the  date  above  stated,  any  one  of  which  can  be 
recognized  at  a  glance  by  those  acquainted  with  their  appearance. 

The  change  by  which  stone  lime  was  substituted  for  shell  lime, 
and  a  different  bond  adopted  in  the  brick  work,  was  brought  about 
by  a  public  disaster  as  follows:  In  the  year  1838  there  was  a 
conflagration  in  Charleston,  which  destroyed  a  large  portion  of  the 
most  populous  part  of  the  city.  The  number  of  wooden  houses  in¬ 
cluded  in  the  conflagration  was  so  great,  that  a  law  was  soon  after 
passed  prohibiting  the  erection  of  wooden  buildings  within  the  fire 
limits,  and  as  there  was  in  consequence  great  activity  in  rebuilding 
of  brick,  there  came  from  the  Northern  cities  large  numbers  of  brick¬ 
layers  and  builders  in  search  of  work  and  of  contracts.  It  was 
these  who  brought  with  them  new  notions  as  to  the  best  bond  in 
masonry,  and  as  to  the  most  available  lime  to  be  obtained  immedi¬ 
ately  and  in  large  quantities. 

The  new  bond,  that  had  already  prevailed  for  some  years  in  the 
North,  consisted  of  five  courses  of  bricks  lying  lengthwise,  and  known 
as  stretchers,  with  one  course  laid  crosswise,  known  as  headers;  this 
process  being  repeated  until  the  summit  of  the  wall  was  reached. 
It  is  a  very  strong  bond,  and  is  the  one  which  at  present  is  almost 
universally  used.  Experts  consider  that  a  wall  built  with  this  new 
bond  is  less  liable  to  crack  than  one  built  with  the  Flemish  bond, 
but  that  it  is  next  to  impossible  to  split  a  wall  built  with  the  Flem¬ 
ish  bond. 

There  is  more  opportunity  for  slovenly  work,  however,  in  the  new 
bond,  as  any  one  can  see  who  will  take  the  trouble  to  notice  the 
progress  of  brick-work  at  present  which  is  not  properly  supervised. 
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In  the  Flemish  and  English  bonds  every  course  has  to  be  finished  be¬ 
fore  the  next  is  laid,  and  there  is  little  opportunity  for  any  bricks  to 
be  in  a  wall  unless  they  are  completely  surrounded  with  mortar. 

If  there  lingers  any  doubt  as  to  the  superior  hardness  and  tenacity 
of  mortar  made  of  shell  lime,  the  doubter  is  referred  to  a  fragment 
of  sidewalk  pavement  in  front  of  Dr.  William  Huger’s  residence,  on 
the  north  side  of  Broad  street.  These  bricks  were  laid  at  least  fifty 
years  ago.  They  are  much  worn,  while  the  layers  of  mortar  between 
them  are  so  little  worn,  that  they  project  in  ridges  above  the  bricks. 
The  bricklayers  who  have  come  from  other  cities,  and  have  been 
employed  to  demolish  damaged  portions  of  these  old  walls,  complain 
of  their  hardness  and  of  the  difficulty  of  detaching  the  bricks  entire. 

It  should  be  added  that,  owing  to  the  deceptions  that  can  be  prac¬ 
ticed  by  bricklayers  in  laying  the  new  bond,  an  infinite  amount  of 
bad  work  has  been  done  of  late  years.  In  one  building  which  had  to 
be  leveled  to  the  ground  after  the  shock  of  August  31,  in  consequence 
of  damage  received,  there  were  counted  on  the  inner  side  of  one  of 
the  walls  nineteen  courses  of  stretchers  without  a  single  course  of 
headers,  and  the  same  shock  played  havoc  with  the  foundations  and 
cistern  walls  of  many  little  wooden  houses  which  had  been  built  in 
the  same  cheap  and  unworkmanlike  manner.  There  are  many  hon¬ 
orable  and  marked  exceptions  to  this  rule  which  need  not  be  speci¬ 
fied.  They  are  due  to  honest  work  and  careful  supervision. 

These  details  about  bricklaying  might  appear  foreign  to  the  sub¬ 
ject  in  hand,  namely,  a  narrative  of  the  Charleston  earthquake. 
But  they  are  essential  to  its  being  properly  understood,  and  the  vio¬ 
lence  of  the  earth  movement  will  be  the  better  realized  when  it  is 
explained  that  some  of  these  walls,  which  rival  the  masonry  of  old 
Rome  in  their  solidity,  were  forced  to  yield  to  the  severity  of  the 
great  shock. 

In  the  early  summer  of  1886,  during  the  month  of  June  and  even 
earlier,  several  little  tremors  occurred;  but  did  not  excite  much  atten¬ 
tion.  During  the  sitting  of  the  United  States  court  in  Charleston 
in  that  month  there  was  a  decided  rattling  of  the  sashes  in  the  court 
room  which  excited  observation,  and  which  was  thought  by  some  to 
have  been  produced  by  some  other  cause  than  passing  wagons  or  a 
boiler  explosion.  A  well-known  citizen  has  related  that  during  the 
same  month,  while  seated  in  his  library  in  a  rocking-chair,  he  was 
slightly  thumped  by  an  earth  movement,  but  it  made  only  a  light 
impression  upon  him  at  the  time.  There  were  several  other  slight 
disturbances  noticed  by  different  people,  which  have  become  inter¬ 
esting  since,  in  consequence  of  what  occurred  afterwards.  They  are 
all  well  authenticated,  and  show  that  the  more  serious  shocks  were 
preceded  for  many  weeks  by  smaller  preliminary  ones,  which  were 
not  distinctly  identified  at  the  time. 

It  is  probable  that  these  indications  of  what  was  coming  were  more 
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distinct  at  the  village  of  Summerville,  about  twenty  miles  from 
Charleston,  on  the  line  of  the  railroad  to  Augusta,  Ga.,  and  more 
distinct  still  at  “Ten  Mile  Hill,”  on  the  same  railroad;  as  both  those 
places,  especially  the  first,  were  afterwards  the  scenes  of  vertical 
thrusts.  Nothing  has  been  reported,  however,  from  either  place 
indicating  the  occurrence  of  such  preliminary  movements. 

The  first  decided  shock  was  felt  at  Summerville  on  the  morning  of 
August  27,  but  it  was  not  noticed  in  Charleston.  The  next  day,  the 
28th,  another  shock  was  felt  at  Summerville  at  4.45  a.  m.,  and  it  was 
distinctly  felt  at  Charleston  at  the  same  hour,  and  during  the  day 
there  were  several  other  shocks  at  Summerville.  The  movement  at 
Charleston  consisted  of  a  slight  rocking  of  houses  and  rattling  of 
windows. 

Although  the  shocks  at  Summerville  excited  uneasiness  in  Charles¬ 
ton,  no  one  was  prepared  for  what  followed.  During  the  afternoon 
of  August  31,  between  5  o’clock  and  sunset,  the  atmosphere  was  un¬ 
usually  sultry  and  quiet,  the  breeze  from  the  ocean  that  usually  ac¬ 
companies  the  rising  tide  Avas  almost  entirely  absent,  and  the  setting 
of  the  sun  was  followed  by  a  glow  which  was  only  slightly  noticea¬ 
ble.  As  the  hour  of  9.50  was  reached  there  was  suddenly  heard  a 
rushing,  roaring  sound  compared  by  some  to  a  train  of  cars  at  no 
great  distance,  by  others  to  a  clatter  produced  by  two  or  more  omni¬ 
buses  moving  at  a  rapid  rate  over  a  paved  street;  by  others  again  to 
an  escape  of  steam  from  a  boiler.  It  was  followed  immediately  by 
a  thumping  and  beating  of  the  earth  underneath  the  houses,  which 
rocked  and  swayed  to  and  fro.  Furniture  was  violently  moved  and 
dashed  to  the  floor,  pictures  were  swung  from  the  walls  and  in  some 
cases  completely  turned  with  their  backs  to  the  front,  and  every 
movable  thing  was  thrown  into  extraordinary  convulsions.  The 
greatest  intensity  of  the  shock  is  considered  to  have  been  during  the 
first  half,  and  it  was  probably  then,  during  the  period  of  the  greatest 
sway,  that  so  many  chimneys  were  broken  off  at  the  junction  with 
the  roof.  The  number  was  afterwards  counted  and  found  to  be 
almost  14,000. 

The  duration  of  this  severe  shock  is  thought  to  have  been  from 
thirty-five  to  forty  seconds.  The  impression  produced  upon  many 
was  that  it  could  be  subdivided  into  three  distinct  movements,  while 
others  again  were  of  the  opinion  that  it  was  one  continuous  move¬ 
ment  or  succession  of  waves,  with  the  period  of  greatest  intensity, 
as  already  stated,  during  the  first  half  of  its  duration. 

The  first  impulse  with  every  one,  as  soon  as  the  severity  of  the 
shock  was  realized,  was  to  leave  the  house  immediately,  and  seek 
a  place  of  safety  either  on  the  street  pavement  outside,  or  on  some 
part  of  the  premises  at  a  safe  distance  from  the  risk  of  falling  Avails. 
There  were  some  remarkable  escapes  from  the  falling  of  tAvo  piazzas, 
one  above  the  other,  Avliich  Avere  detached  by  the  rocking  of  the  brick 
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walls;  but  in  a  few  cases  persons  attempting  to  escape  were  fatally 
injured  before  they  could  reach  a  safe  refuge.  The  total  loss  of 
life,  including  wounded  who  afterwards  died,  was  about  sixty.  It 
is  probable  that,  if  the  shock  had  occurred  during  the  business 
hours  of  the  day,  the  falling  chimneys  would  have  caused  many 
more  casualties. 

The  sight  that  met  the  eyes  of  many  as  they  emerged  into  the 
street  was  a  cloud  of  white  dust.  This,  it  is  thought,  was  produced 
by  the  overthrow  of  the  chimneys,  as  the  violence  with  which  these 
were  hurled  to  the  ground  was  so  great  as  to  cause  almost  every 
brick  to  be  loosened  from  its  neighbors,  and  only  in  a  few'exceptional 
cases,  where  the  masonry  was  of  the  durable  kind  already  described, 
were  there  two  bricks  adhering  together  after  the  fall.  The  dry 
mortar  thus  wrenched  from  the  walls  rose  in  whitish  clouds,  which 
were  a  conspicuous  feature  of  the  occasion. 

Many  persons  escaped  injury  by  being  asleep  in  bed  when  the 
shock  occurred,  and  others  by  being  prevented  by  various  causes 
from  escaping  immediately,  and  consequently  allowing  the  necessary 
time  for  the  chimneys  to  reach  the  ground  before  effecting  an  exit 
from  their  houses.  Great  alarm  was  experienced  by  every  one.  Al¬ 
though  there  were  many  instances  of  apparent  composure,  especially 
among  heads  of  families,  due  principally  to  the  care  for  others,  there 
were,  nevertheless,  many  strong  men  who  were  completely  unnerved 
by  the  events  of  that  night,  and  who  for  weeks  afterwards  could 
not  be  induced  to  return  to  their  houses  between  sunset  and  sunrise. 

Tents  for  a  few  weeks  were  in  great  demand,  and  the  supply  sent 
on  from  Washington  was  soon  exhausted.  Most  of  the  open  spaces 
in  various  parts  of  the  city  were  dotted  over  with  these,  and  wooden 
shanties  were  hastily  put  up  by  the  authorities  on  Marion  Square 
and  Hampstead  Mall,  for  the  accommodation  of  the  destitute.  Wash¬ 
ington  Square  exhibited  a  scene  which  can  never  be  forgotten.  The 
colored  people  were  allowed  to  erect  shelters  composed  of  any  kind 
of  material  that  they  could  get  hold  of,  and  the  whole  of  the  east  half 
of  the  square  was  in  a  few  days  completely  concealed  from  sight 
by  the  heterogeneous  collection  of  pieces  of  boards  and  scantlings, 
pieces  of  old  sails,  bedquilts,  carpets,  and  canvas.  The  quantities 
of  battered  tin — fragments  of  roofing  saved  by  the  negroes  from 
the  cyclone  of  the  year  before, —  which  were  brought  to  light  as 
material  for  protecting  this  extemporized  earthquake  quarter  from 
the  weather,  exhibited  their  thrift  in  a  most  commendable  way. 
(PI.  VII.) 

No  change  whatever  was  produced  in  the  atmosphere  by  the  earth¬ 
quake.  Everything  remained  as  quiet  as  during  the  afternoon  and 
early  evening.  Scarcely  a  cloud  was  to  be  seen,  and  the  stars  con¬ 
tinued  to  shine  brightly  until  morning.  Several  fires  broke  out  im¬ 
mediately  after  the  shock,  caused  by  the  upsetting  of  oil  lamps. 
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Flames  and  smoke  from  these  arose  immediately,  but  there  was  delay 
in  the  engines  reaching  the  fires  owing  to  some  of  the  engine  houses 
having  been  damaged,  and  further  delay  was  caused  by  an  obstruc¬ 
tion  to  the  valve  of  the  water-works.  In  this  emergency  the  old 
system  of  fire-wells,  which  preceded  the  modern  supply,  came  into 
use  again  most  opportunely.  The  fires  did  not  spread  much,  owing 
to  the  absence  of  wind,  and  shortly  after  midnight,  the  pressure  at 
the  water- works  having  been  re-established,  the  last  vestige  of  fire 
was  extinguished. 

The  city  of  Charleston  is  accustomed  to  early  bed  hours  during 
the  summer  months,  and  at  the  hour  of  9.50  many  persons  were  in 
the  act  of  retiring,  while  many  others  had  already  retired.  Certain 
amusing  incidents  were  the  consequence  of  this;  but,  as  events  turned 
out,  many  lives  were  probably  saved  by  the  necessary  delays  in  es¬ 
caping,  and  there  appears  to  have  been  no  case  of  serious  injury  by 
wardrobes  and  other  heavy  furniture  falling  upon  persons  already 
in  bed.  Many  who  were  asleep  were  awakened  by  the  shock  and 
remained  in  bed  as  they  were,  preferring  thus  to  accept  whatever  fate 
was  in  store  for  them  rather  than  risk  being  crushed  by  falling  walls. 

Considerable  uneasiness  was  felt  by  many,  as  groups  collected  in 
the  streets,  for  fear  of  another  and  more  severe  shock,  and  the  few 
who  seemed  informed  inquired  from  those  who  had  been  near  the 
harbor  whether  the  tide  had  reached  its  height  believing  that 
after  high  tide  the  risks  of  another  shock  would  be  less.  For  some 
nights  afterwards  the  time  of  high  tide  was  looked  forward  to  with 
anxiety,  for  fear  of  something  occurring  before  it  was  reached,  but 
there  seems  to  have  been  no  connection  between  the  two.  There 
was  a  marked  difference  in  the  degree  of  alarm  exhibited  by  the 
whites  and  blacks  during  the  first  night.  The  former,  although  ex¬ 
tremely  terrified,  yielded  very  little  to  any  outward  exhibition  of 
emotion,  and  seemed  to  regard  the  event  as  belonging  to  the  order 
of  nature,  while  the  latter  were  absorbed  in  prayer  during  the  con¬ 
tinuance  of  the  minor  shocks,  and,  under  the  belief  that  this  was  a 
punishment  visited  upon  them  for  their  sins,  were  incessant  in  their 
calls  upon  the  Almighty  to  spare  them  from  further  ruin.  Among 
the  incidents  of  the  night  were  the  prayer  meetings  extemporized 
by  the  blacks  in  the  public  squares,  and  the  melodious  voices  of 
numbers  singing  together  could  be  heard  at  considerable  distances 
until  morning. 

After  the  severe  shocks  were  over  there  was  comparative  quiet 
throughout  the  city  that  night,  with  the  exception  of  the  colored 
prayer  meetings.  Many  carriages  were  observed  moving  in  various 
directions.  Some  of  these  took  to  the  homes  of  citizens  a  large  num¬ 
ber  of  excursionists  from  the  mountains,  and  some  were  employed 
to  move  families  to  the  Battery  and  other  open  spaces.  The  total 
number  of  shocks  during  the  night  is  considered  to  have  been  eight. 
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It  is  difficult  to  describe  one’s  sensations  during  an  earthquake. 
An  overpowering  feeling  with  many  was  not  to  return  to  the  scene 
of  so  much  terror  and  alarm,  and  the  next  evening  very  few  were 
inclined  to  take  shelter  in  their  homes.  We  are  told  that  all  En¬ 
glish-speaking  peoples  regard  their  houses  as  their  castles;  but  in 
this  instance  there  was  a  sad  change  in  our  affections  for  the  time 
being.  Any  noises  produced  by  agencies  which  are  new  to  us  and 
not  understood,  especially  if  accompanied  by  serious  tremblings  of 
the  earth,  are  calculated  to  fill  us  with  apprehension.  With  the  ex¬ 
ception  of  sounds  produced  by  the  falling  of  a  mighty  cataract  or 
the  boiling  of  an  impetuous  torrent,  what  we  hear  at  night  is  usually 
caused  by  the  animal  life  that  surrounds  us.  During  lonely  watches 
in  tropical  regions  the  roar  of  the  lion  or  the  hoarse  growl  of  the 
jaguar  are  understood  and  can  be  provided  against.  The  cause  and 
the  effect  are  intimately  associated  in  our  minds.  But  in  a  great 
earthquake  shock  the  entire  absence  of  a  perceptible  cause  for  the 
noise,  and  especially  the  utter  stillness  that  follows,  are  unusugl  and 
appalling.  It  would  appear  as  it  approaches  to  be  a  terrible  mon¬ 
ster,  who  is  moving  everything  before  him  in  his  strength,  but  to 
our  dismay  it  proves  to  be  convulsions  into  which  the  envelope  of 
this  small  and  feeble  earth  has  been  wrought  by  agencies  almost  un¬ 
known  to  us. 

In  the  course  of  the  following  day  the  writer  visited  the  principal 
thoroughfares  below  Calhoun  street,  to  observe  the  amount  of  dam¬ 
age  that  had  been  done.  He  found  great  destruction  to  dwellings 
on  East  Battery,  especially  the  two  Ravenel  houses,  the  others  ap¬ 
parently  not  having  suffered  as  much.  Meeting  street  from 
South  Battery  to  Broad  street  had  received  a  good  deal  of  injury, 
St.  Michael’s  Church,  the  First  Presbyterian  or  Scotch  Church,  and 
the  Smith  and  Adger  dwellings  being  almost  destroyed.  The  guard¬ 
house  seemed  to  be  a  mass  of  ruins,  the  court-house  was  much 
cracked,  with  one  of  the  gables  leaning  out,  and  the  entire  portico 
of  Hibernian  Hall  was  demolished.  The  Fire-Proof  building  was 
much  injured,  though  built  mainly  of  stone ;  the  blocks  on  and  near 
the  top  were  loosened  and  several  stone  steps  on  the  east  side 
of  the  northern  porch  were  cracked.  Broad  street  from  Church 
street  to  the  Post-Office  contained  a  mass  of  ddbris  thrown  from 
houses  on  each  side,  mainly  on  the  south.  The  entire  sidewalks  and 
roadway  were  impassable  at  intervals,  and  the  curious  who  had  col¬ 
lected  to  see  the  ruins  were  grouped  in  the  middle  of  the  street.  The 
parapet  or  cornice  of  the  front  of  The  News  and  Courier  building, 
composed  of  heavy  blocks  of  granite,  had  fallen  to  the  pavement, 
and  the  corner  of  tho  Chamber  of  Commerce  building  had  received 
much  damage.  The  Post-Office,  an  old  colonial  structure,  built  in 
the  substantial  manner  of  that  period,  had  been  much  shaken, 
and  its  appearance  was  menacing.  St.  Philip’s  Church  appeared  to 
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have  been  more  damaged  on  the  outside  than  St.  Michael's,  the  three 
porches  on  the  front  and  sides  being  cracked  and  displaced,  and  half 
of  the  masonry  of  the  highest  part  of  the  steeple  (constructed  of 
bricks)  had  fallen  away  and  broken  through  the  roof.  The  walls 
and  interior  seemed  almost  as  much  injured  as  those  of  St. 
Michael’s.  (PL  XYI.) 

Many  brick  buildings  seemed  uninjured,  although  subsequent 
inspection  showed  that  they  required  repairs.  The  real  amount  of 
damage  was  not  ascertained  until  weeks  afterwards.  The  uneven 
way  in  which  the  violence  of  the  great  shock  was  distributed  was 
strikingly  exhibited  by  several  instances  of  well-built  houses  having 
been  damaged,  while  alongside  of  them  were  others  known  to  be  of 
flimsy  material  which  escaped  altogether.  The  minor  shocks  which 
followed  at  irregular  intervals  for  three  months  contributed  mate¬ 
rially  to  render  repairs  necessary  which  it  seemed  on  the  first  day 
would  not  be  required.  In  this  connection  it  may  be  mentioned  that 
early  in  the  month  of  November  I  was  on  the  fourth  floor  (count¬ 
ing  the  basement  as  the  first)  of  the  Memminger  School  building,  on 
St.  Philip  street,  between  the  hours  of  12  and  1  p.  m.,  when  a  tremor 
or  shake  commenced  which  was  peculiar  and  noteworthy.  It  consisted 
of  what  appeared  to  be  a  succession  of  low  waves,  following  each 
other  at  regular  intervals,  and  coming  from  a  westerly  direction. 
At  first  the  large  building,  which  is  entirely  isolated,  began  to  move 
in  a  confused  manner,  but  after  a  few  moments  the  movement  re¬ 
solved  itself  into  a  regular  oscillation  from  west  to  east.  I  was 
alone  in  the  building,  and  not  feeling  under  the  necessity  of  display¬ 
ing  my  nerve,  I  was  strongly  tempted  to  make  a  rapid  exit  by  the 
stairs.  I  resisted  the  impulse,  however,  and  as  I  stood  near  a  south 
window  looking  out  at  two  tall  chimneys  a  short  distance  off,  which 
had  survived  the  great  shock,  and  which  I  expected  every  moment 
to  see  topple  over,  I  could  measure  with  my  eye  the  amount  of  sway 
of  the  window  case  immediately  in  front  of  me.  This  I  estimated 
to  be  about  one  inch.  This  tremor  was  an  unusually  long  and  reg¬ 
ular  one,  lasting  about  thirty  seconds.  The  amount  of  oscillation 
imparted  to  a  brick  building  by  such  a  long-continued  movement  I 
should  consider  most  detrimental,  and  sufficient  not  only  to  increase 
the  damage  already  done,  but  also  to  thoroughly  loosen  many  bricks 
which  had  been  firmly  embedded  in  the  mortar. 

In  continuation  of  the  desorption  of  the  appearance  of  the  city 
after  the  first  day,  it  should  be  added  that  the  Market  Hall  and  sev¬ 
eral  fronts  to  adjacent  stores  were  much  damaged,  and  throughout 
the  remainder  of  Meeting  street,  as  far  as  Calhoun  street,  were 
evidences  of  injury  at  intervals,  including  coping  on  the  front  of 
the  Charleston  Hotel.  Along  King  street  above  Queen  street  the 
damage  was  by  no  means  great,  and  the  escape  from  injury  of  houses 
on  that  thoroughfare  was  very  noticeable.  (PI.  XI Y.)  The  College 
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of  Charleston,  building  had  its  wings  dreadfully  shaken,  and  it 
was  found  necessary  afterward  to  level  them  both  to  the  ground. 
The  shock  was  of  great  violence  there,  but  the  wings  had  been  of 
recent  and  inferior  masonry,  while  the  central  building,  whose  north 
and  south  walls  were  both  forced  outwards,  had  been  substantially 
built.  The  date  of  the  construction  of  the  central  building  was  the 
year  1828,  previous  to  the  abandonment  of  shell  lime.  This  injury  to 
the  central  portion  indicates  that  the  severity  of  the  shock  must  have 
been  greater  at  the  college  than  either  at  the  jail,  work-house,  or 
Roper  Hospital,  as  these  last  were  of  recent  work  and  erected  with¬ 
out  proper  supervision.  Their  destruction  was  thorough  and  com- 


Fig.  4.  Charleston  Medical  College. 

# 

plete,  and  the  jail  and  work-house  have  since  been  entirely  demol¬ 
ished.  The  new  portion  of  the  Medical  College,  erected  about  the 
year  1855,  was  entirely  destroyed,  leaving  intact  the  original  build¬ 
ing,  of  much  older  work.  Three  of  the  columns  of  the  portico,  of 
old  brick-work,  however,  were  thrown  down  also.  (Fig.  4.)  The 
Unitarian  Church  presented  another  illustration  of  the  difficulty  of 
joining  the  masonry  of  two  different  epochs.  The  original  building 
stood  well,  but  the  modern  additions  fell  away  or  became  loosened. 

On  East  Bay  many  stores  and  store  fronts  suffered  greatly,  and 
the  upper  layers  of  stone  blocks  on  the  Custom-House  were  detached 
in  a  manner  similar  to  what  occurred  at  the  Fire-Proof  building.  - 
Above  Calhoun  street  the  large  Orphan  House  building  was  not 
much  injured,  and  the  Citadel  building  required  some  repairs,  which 
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were  completed  in  time  for  tlie  re-opening  of  the  Military  Academy. 
The  granite  foundations  of  the  Calhoun  monument,  which  were 
already  several  feet  above  the  soil,  were  totally  uninjured.  The 
piling  here  had  been  very  thorough,  and  although  it  is  possible  that 
the  shock  may  not  have  been  of  great  violence  at  this  spot,  those  in 
charge  of  the  work  nevertheless  feel  amply  compensated  by  the  re¬ 
sults  for  the  care  with  which  the  details  were  supervised. 

There  was  much  injury  done  to  the  various  buildings  belonging  to 
the  gas  works.  The  site  of  the  works  was  originally  low  and  muddy, 
and  the  foundations  had  been  extensively  piled.  All  of  the  walls 
except  that  around  the  pit  in  which  lies  the  large  gas  receiver  were 
more  or  less  cracked,  and  the  direction  of  the  earth  wave  from 
northwest  to  southeast  was  made  evident  in  the  morning  by  a  vacant 
space  or  fissure  between  the  southeast  face  of  the  brick  curbing  of 
the  pit  and  the  adjacent  soil.  The  width  of  the  fissure  was  about 
eight  inches.  The  entire  brick  lining  of  the  well,  with  the  gas 
receiver  within  and  above,  had  evidently  been  moved  from  north¬ 
west  to  southeast  eight  inches  and  had  returned  to  its  original 
position.  The  strength  of  a  circle  of  masonry  with  earth  pressing 
against  it  all  around  was  strikingly  exhibited  here.  It  is  doubtless 
an  illustration  in  a  modified  form  of  the  principles  of  the  arch. 
Everything  about  the  gas  works  is  usually  kept  in  excellent  condi¬ 
tion,  but  the  masonry  of  the  walls  can  not  be  cited  as  belonging  to 
the  period  that  antedated  stone  lime. 

The  large  cotton-factory  building  was  very  slightly  injured.  It 
was  deemed  necessary  while  erecting  it  to  pile  carefully  its  founda¬ 
tions,  and  its  immunity  from  cracked  walls  is  certainly  due  to  that 
precaution. 

With  regard  to  the  wooden  houses  little  need  be  said.  They  were 
as  much  swayed  to  and  fro  as  the  brick  ones,  and  their  chimneys 
were  snapped  off  with  as  few  exceptions.  A  well-braced  wooden 
house,  with  all  the  parts  carefully  pinned  together,  forms  a  com¬ 
pact  and  elastic  whole,  which,  it  is  obvious,  tends  to  return  to  its 
normal  state  as  soon  as  the  disturbing  cause  has  passed,  although 
in  most  instances  there  are  displacements  either  of  parts  or  of  the 
whole  which  will  be  observed  upon  careful  examination.  Those 
parts  of  wooden  houses  which  can  not  be  secured  as  carefully  as  the 
outer  frame,  such  as  the  attachment  of  the  flights  of  steps  to  the 
various  landings,  were  strained  in  many  cases.  Only  a  dew  were 
made  uninhabitable  by  the  shock,  and  inferior  work  was  mainly  the 
cause  of  this.  But  even  those  best  built  are  now  loose  at  their  joints, 
easily  shaken  by  passing  vehicles,  and  somewhat  out  of  plumb. 

As  proof  that  small  wooden  houses  are  the  best  suited  to  earth¬ 
quake  regions,  it  was  stated,  without,  however,  having  been  fully 
authenticated,  that  a  certain  colored  family,  living  in  a  one-story 
wooden  house  near  the  northern  limit  of  the  city,  were  not  aroused 
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during  that  night,  and  were  not  aware  of  what  had  occurred  until 
the  usual  hour  of  awakening  the  next  morning. 

When  the  work  of  restoration  was  fully  commenced,  such  an  amount 
of  damage  was  revealed  that  the  total  sums  up  vastly  more  than  was 
at  first  thought  probable.  This  may  be  due  in  part  to  the  subsequent 
minor  shocks,  which  continued  to  recur  until  January,  resulting  in  a 
further  loosening  of  bricks  which  had  not  been  started  by  the  great 
shock.  This  slow  manifestation  of  the  degree  of  injury  sustained, 
which  was  shared  by  some  of  the  best-built  brick  houses  as  well  as 
by  many  of  the  inferior  ones,  is  surely  sufficient  to  jfiace  the 
Charleston  earthquake  next  to  the  New  Madrid  disturbance  in  the 
classification  of  Professor  Shaler,  although  the  vertical  thrusts  and 
consequent  wave  motions,  with  the  many  tremors  that  intervened, 
produced  only  fissures  in  the  earth  and  no  subsidences,  as  occurred 
after  the  New  Madrid  shock. 

Having  made  the  distinction  between  the  quality  of  the  masonry 
of  the  colonial  period  and  of  the  period  following  the  Revolution  up 
to  the  year  1838,  and  the  quality  of  a  large  proportion  of  the  brick¬ 
work  that  has  been  done  in  the  city  of  Charleston  since  then,  it  is 
proper  that  other  instances  be  given  to  prove  more  clearly  the  dif¬ 
ference  in  the  durability  of  the  work  of  the  two  periods.  This  can 
be  done  by  referring  again  to  the  two  churches  St.  Michael’s  and  St. 
Philip’s,  and  an  account  of  what  happened  to  them  will  be  found 
interesting.  (Pis.  X  and  XVI.) 

The  first  of  these  churches  was  built  between  1750  and  1755.  As 
already  stated,  both  were  erected  on  sites  which  were  the  highest 
available  in  the  narrow  limits  of  the  infant  city.  No  piles  were 
driven  for  the  foundation  of  the  steeple  of  St.  Michael’s.  The  ar¬ 
chitect  superintending  the  repairs,  Mr.  Gourdin,  thinks  the  prob¬ 
abilities  are  that  the  builders  were  satisfied  with  the  clay  substra¬ 
tum,  which  was  reached  after  excavating  to  the  depth  of  eight  or  ten 
feet.  They  were  certainly  justified  in  coming  to  this  conclusion,  as 
the  steeple  has  stood  for  over  a  century  all  the  effects  of  time,  ex¬ 
cept  such  an  unusual  commotion  as  was  not  contemplated  by  the 
builders.  It  is  to  be  understood,  too,  that  at  that  early  day  the 
mortar  and  bricks  used  were  wholly  the  substantial  and  durable  ma¬ 
terials  which  have  been  carefully  described.  There  were  no  others 
to  be  had,  and  an  examination  of  the  walls  to-day  proves  their  use 
beyond  a  doubt. 

In  the  case  of  St.  Philip’s  Church,  it  must  be  again  explained  that 
the  present  building  is  a  recent  one,  although  it  so  happened  that  the 
church  and  tower  were  finished  in  1838,  and  that  all  of  the  parts  were 
built  of  the  same  kind  of  materials  and  in  the  same  manner  as  St. 
Michael’s.  This  was  just  within  the  period  that  preceded  the  intro¬ 
duction  of  stone  lime  from  the  Northern  cities.  There  are  persons 
living  who  recollect  when  St.  Philip’s  Church  was  rebuilt,  and  there- 
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fore  it  has  not  been  necessary  to  dig  under  the  foundation  walls  to 
ascertain  whether  piles  are  there,  for  it  is  perfectly  well  remembered 
that,  in  anticipation  of  a  steeple  being  added  to  the  tower  at  a  sub¬ 
sequent  date,  the  foundations  of  the  latter  were  carefully  piled.  This 
seems  to  have  been  done  as  a  matter  of  precaution,  as  it  had  been 
ascertained  that  the  stratum  of  clay  underneath  the  surface  was  not 
more  than  five  or  six  feet  thick  ;  a  fact  which  possibly  the  builders  of 
St.  Michael’s  had  not  ascertained,  or,  if  they  had,  did  not  consider  it 
important.  There  is,  however,  a  difference  in  respect  to  the  brick¬ 
work  on  the  two  steeples,  which  must  be  borne  in  mind  in  order  to 
see  that  they  illustrate  the  qualities  of  the  masonry  of  the  two  pe¬ 
riods.  The  entire  brick-work  of  the  steeple  of  St.  Michael’s  is  of  the 
early  period,  whereas  only  the  square  tower  of  St.  Philip’s  steeple  is 
of  that  period  ;  the  remainder  being  of  the  second  period,  and  built 
with  mortar  made  of  stone  lime.  This  was  in  consequence  of  the 
upper  portions  of  the  steeple  having  been  added  about  ten  years 
after  the  church  and  tower  had  been  built,  and  when  the  home-made 
lime  had  been  driven  out  of  the  market  by  the  imported  article. 

It  must  be  explained  that  the  brick  portion  of  St.  Philip’s  is  much 
higher  from  the  ground,  probably  forty  feet,  than  the  same  part  of  St. 
Michael’s,  which  would  cause  its  oscillation  to  be  greater.  Both 
seem  to  have  been  exposed  to  a  succession  of  earth  waves  of  equal 
violence,  judging  from  the  amount  of  damage  done.  Both  steeples 
probably  rocked  from  east  to  west,  or  vice  versa,  and  as  a  result  St. 
Michael’s  was  found  next  morning  to  have  sunk  eight  inches  into  the 
ground,1  without,  however,  any  of  the  masonry  having  been  seriously 
damaged,  while  St.  Philip’s  steeple  remained  at  the  same  level,  but 
a  large  quantity  of  the  inferior  masonry  at  the  top  had  fallen  away, 
loosened  by  the  rocking  motion. 

The  rocking  had  caused  the  one  to  settle  gradually  in  its  unpiled 
bed,  and  the  other  to  suffer  no  sinking  in  consequence  of  its  unpiled 
foundation. 

The  question  as  to  the  direction  from  which  the  force  appeared  to 
come  has  been  so  often  asked  with  unsatisfactory  replies,  that  it 
seems  impossible  to  obtain  a  general  agreement  of  opinion  on  the 
subject.  The  cause  of  this  may  be  the  facts  noticed  by  members 
of  the  U.  S.  Geological  Survey,  who  made  investigations  immedi¬ 
ately  after  the  31st  of  August  in  the  areas  most  affected — that  there 
were  three  loci 2  of  limited  extent  where  the  movements  were  vertical, 
and  from  which  waves  spread  in  all  directions,  exactly  as  they  do 

1  St.  Michael’s  steeple  did  not  settle  evenly  in  its  new  bed,  as  it  now  leans  some 
what  to  the  northwest.  It  is  probable  that  if  it  had  been  a  tower,  the  greater 
weight  above  would  have  made  it  lean  more,  and  what  has  occurred  in  this  case 
may  be  the  explanation  of  the  leaning  of  the  Tower  of  Pisa. 

2  The  first  investigations  in  the  epicentral  tracts  seemed  to  indicate  the  existence 
of  three  epicentra  and  this  opinion  was  expressed.  Subsequent  investigation  has 
convinced  me  that  there  were  but  two. — C.  E.  D. 
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on  water  after  pebbles  have  been  thrown  in.  There  may  have  been 
a  crossing  of  waves  and  of  sounds  coming  from  these  separate  cen¬ 
ters,  which  would  account  for  the  diversity  of  opinion  as  to  the  di¬ 
rections  from  which  they  came.  The  sounds  also,  traveling  in  every 
direction  over  the  water  around  the  city  and  becoming  separated 
from  the  earth  movements,  caused  every  kind  of  opinion  to  be  ex¬ 
pressed  as  to  direction. 

There  seems  to  have  been  unanimity  of  impression  however  as 
to  the  movement  in  the  city  of  Charleston  itself  having  been  in  the 
nature  of  waves.  The  writer  will  here  offer  his  experience  or  ob¬ 
servations  on  that  particular  point,  which  may  be  of  value. 

On  the  night  of  August  31 1  was  seated  in  abasement  room  of  my 
dwelling,  the  floor  of  which  is  about  eighteen  inches  above  the  sur¬ 
rounding  soil,  engaged  in  a  game  of  chess.  A  member  of  the  house¬ 
hold  was  seated  at  a  west  window  of  the  same  room,  about  twenty 
feet  from  me.  He  heard  the  rumbling  sound  of  the  approaching  shock 
coming  over  the  water,  and,  in  alarm,  he  immediately  left  the  room 
through  a  door  at  the  opposite  or  east  side;  the  two  players,  being 
so  absorbed  in  the  game  that  they  had  not  heard  the  noise,  still  re¬ 
mained  seated.  At  that  moment  the  wave  reached  the  house,  and, 
its  violence  being  unexpectedly  great,  the  oil  lamp  on  the  table  was 
immediately  extinguished  by  myself,  and  all  the  occupants  of  the 
room  ran  out  into  an  adjoining  garden.  There,  at  a  safe  distance 
from  the  dwelling,  I  stood  facing  northward  towards  the  house,  the 
movement  not  yet  being  over.  I  was  obliged  to  spread  my  feet  apart 
to  avoid  being  upset  by  the  waves  passing  under  me.  These  were 
from  three  to  four  in  number,  and  seemed  to  be  about  six  inches  high, 
but  this  estimate  of  height  is  probably  excessive. 

Upon  examining  next  morning  the  spot  where  I  had  stood  there 
were  two  fissures  to  be  seen  in  the  hard  shell  walk  three-quarters  of 
an  inch  wide  and  18  inches  apart,  quite  straight  and  parallel,  and 
running  in  a  direction  about  north  and  south,  at  right  angles  to  the 
direction  of  the  wave.  In  the  garden  beds  other  fissures  were  noticed 
somewhat  wider,  but  none  as  straight  as  these.  I  was  unable  to 
divide  the  whole  disturbance  into  three  successive  shocks.  The 
movement  appeared  to  me  to  be  continuous,  with  a  gradual  diminu¬ 
tion  in  violence,  the  greatest  intensity  being  during  the  first  half. 

My  residence  is  in  the  southwestern  part  of  the  city,  immediately 
upon  the  waters  of  Ashley  River.  The  tide  was  almost  at  its  height 
and  there  was  a  complete  calm,  which  had  prevailed  during  the  after¬ 
noon,  and  which  I  had  particularly  observed  as  I  sat  in  my  upper 
piazza  until  sunset  gazing  upon  the  water — the  rising  tide  being 
usually  accompanied  by  more  or  less  breeze  from  the  ocean.  The 
sky  was  without  a  cloud  and  the  stars  were  shining  brightly.  My 
impression  as  to  the  direction  from  which  the  Avaves  came  was  that 
they  reached  me  from  a  little  south  of  west  by  the  compass,  and 
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that  they  traveled  to  a  little  north  of  east.  During  the  continuance 
of  the  shock  I  was  not  conscious  of  any  noise  under  my  feet. 

There  was  one  mud  spout,  or  craterlet,  worth  mentioning  in  the 
yard  of  a  house  opposite  my  own  which  I  examined  next  morning. 
The  material  thrown  up  was  sand,  that  had  been  slightly  discolored  by 
admixture  with  mud.  The  diameter  of  the  mass  that  had  overflowed 
was  three  feet,  with  the  top  of  the  craterlet  five  inches  high.  The  cra¬ 
terlet  whs  three  inches  in  diameter,  and  its  edges  were  so  clearly  de¬ 
fined  as  to  lead  to  the  impression  that  after  the  sand  had  oozed  out 
there  was  a  quantity  of  gas  that  had  escaped  and  which  had  contin¬ 
ued  to  do  so  until  the  edges  had  dried  and  hardened.  There  was  no 
indication  of  water  having  escaped  in  any  quantity  from  this  cra¬ 
terlet,  and  although  it  escaped  in  many  other  places  and  was  proba¬ 
bly  a  little  warmer  than  the  atmosphere,  there  is  no  positive  evi¬ 
dence  in  any  instance  that  it  was  hot. 

The  number  of  shocks,  with  their  degrees  of  intensity,  commencing 
with  the  introductory  shock  of  August  27  and  ending  on  the  30th 
of  September,  is  as  follows: 


Date. 

Shocks. 

Intensity. 

Date. 

Shocks. 

Intensity. 

Aug.  27,  1880 . 

1 

Slight. 

Sept.  8. 1880 . 

1 

Slight. 

28 . 

1 

Do. 

10 . 

1 

Do. 

31 . 

8 

Destructive. 

12 . : 

1 

Do. 

3 

15. . . 

2 

2 . 

3 

Do. 

21 . 

i 

Severe 

3  . 

2 

Do. 

22 . 

i 

Moderate — local . 

4 . 

2 

Slight. 

27 . 

1 

Severe. 

5 

1 

28  . 

i 

Moderate. 

7 . 

2 

Slight. 

_ 

30 . 

i 

Slight. 

The  most  severe  shock  after  the  31st  of  August  was  the  one  of 
September  3,  at  11  p.  m.  Afterwards  they  diminished  in  violence, 
the  last  one  observed  to  the  present  writing  having  been  on  the  18tli 
of  March,  1887. 

Many  occurred  at  Summerville  which  were  scarcely  felt  in  Char¬ 
leston,  and  when  they  were  noticed  at  both  places  they  were  usually 
more  severe  at  Summerville— most  of  the  shocks  there  having  been 
vertical  thrusts. 

For  weeks  after  the  great  shock,  during  the  still  hours  of  the  night- 
while  lying  awake  in  bed,  curious  sensations  were  distinctly  per¬ 
ceptible,  as  though  the  crust  of  the  earth  were  resting  on  a  gelati¬ 
nous  mass  in  constant  motion.  These  corresponded  to  the  movements 
observed  by  the  Italian  seismologists  by  means  of  delicate  instru¬ 
ments  and  described  by  them.  The  shocks  gradually  diminished  in 
intensity  after  November,  and  cannot  at  present  be  noticed  by  the 
unaided  senses. 
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THE  EARTHQUAKE  AT  CHARLESTON. 

By  Mr.  F.  R.  Fisher. 

• 

Attached  to  the  following  report  on  the  great  earthquake  which 
visited  Charleston  will  he  found  a  diagram  (PI.  XIII)  showing  the 
buildings  at  No.  157  Wentworth  street,  where  I  was  residing  at  the 
time. 

The  property  is  on  the  south  side  of  the  street,  about  halfway 
between  Rutledge  and  Smith  streets,  on  the  west  side  of  the  city. 
An  inspection  of  the  city  map,  prepared  to  accompany  Mayor  Court¬ 
enay’s  centennial  address,  August  31,  1883,  will  show  that  the 
house  does  not  stand  on  “  made  ground,”  hut  at  the  beginning  of  a 
point  of  solid  ground  which  reaches  southwest  as  far  as  the  corner 
of  Lynch  and  Beaufain  streets — perhaps  a  little  farther.  In  the 
rear,  the  made  ground  begins  at  the  back  fence;  while  in  front  it 
has  its  margin  near  the  center  of  the  opposite  square. 

The  house  faces  about  25°  30'  west  of  north,  as  well  as  I  remem¬ 
ber  from  observations  made  when  setting  up  my  equatorial  tele¬ 
scope,  and  I  have  drawn  the  points  of  the  compass  in  the  diagram 
on  that  basis. 

My  position  (marked  A  in  the  diagram)  was  in  the  second-story 
piazza.  I  was  seated  in  a  rocking-chair,  facing  about  west-south¬ 
west,  and  consequently  well  placed  to  observe  the  general  motion 
not  only  of  the  building  itself  but  of  surrounding  objects. 

When  the  shock  came,  it  was  without  preliminary  rumble  or  noise 
of  any  kind  that  I  heard;  but  I  may  easily  have  overlooked  it,  as 
there  is  a  street-car  line  in  front  of  the  house  and  a  curve  at  the 
corner.  Going  around  this  curve  the  cars  make  a  noise  which 
resembles  distant  thunder  very  much  at  times,  and  we  were  so  used 
to  it  that  we  rarely  noticed  it.  If  the  earthquake  noise  resembled 
this  at  all,  I  may  readily  have  neglected  to  take  note  of  it. 

The  first  intimation  I  had  of  the  shock  was  an  intense  vertical 
movement  of  exceedingly  small  period  and  extent.  By  period,  I 
mean  the  time  occupied  by  one  complete  rise  and  fall  of  the  surface; 
and  by  extent,  the  actual  amount  of  vertical  displacement.  The 
motion  strongly  resembled  the  sensation  experienced  when  a  cask 
or  hogshead  is  rolled  over  a  warehouse  floor,  only  it  was  much  more 
violent,  because  the  vibrations  were  of  shorter  duration. 

This  was  the  first  phase  of  the  great  shock.  It  came  suddenly, 
without  any  small  tremors,  and  was  uniform  in  its  character  until 
combined  with  the  violent  rocking  motion,  which  constituted  the 
second  phase  and  laid  the  city  in  ruins. 

My  watch  indicated  9h  50m  and  some  seconds  as  the  beginning  of 
the  tremors;  but  what  the  seconds  were  I  can  not  tell,  as  I  had  to 
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read  tlie  dial  by  means  of  the  glow  from  a  cigarette.  The  watch  was 
liot  wound  that  night,  and  as  it  ran  down  by  morning,  its  error  could 
not  be  ascertained.  By  actual  counting  of  half  seconds  the  first  phase 
lasted  from  five  to  eight  seconds  ;  but  I  lost  my  count  when  the  second 
phase  came  on,  by  reason  of  its  startling  nature  and  the  effort  to  get 
my  watch  in  my  i  'ocket  and  hold  fast  to  my  chair  at  the  same  time. 

I  have  already  mentioned  that  I  was  facing  about  west-southwest, 
and  I  make  parti  ;ular  mention  of  this  fact,  because  by  the  first  im¬ 
pulse  of  the  second  phase  my  chair  was  thrown  forward  on  its  rockers. 
The  motion  was  so  violent  that  I  was  compelled  to  hold  on  with  both 
hands,  placing  one  foot  against  the  balustrade  before  me.  After 
this  severe  lurch  I  made  an  attempt  to  rise  and  go  to  the  assistance 
of  those  within  the  house.  This  attempt  failed  because  I  was  thrown 
down  in  my  seat  again,  and  in  such  a  manner  as  to  turn  the  chair  more 
to  the  south  and  bring  me  facing  more  southwest.  This  backward 
movement  tilted  my  chair  on  its  left  rocker.  How  high  it  was  raised 
on  its  other  side  I  can  not  say;  possibly  four  or  six  inches,  for  it  was 
nearly  enough  to  upset  me.  After  this  I  made  another  attempt  with 
more  success.  By  jumping  to  my  feet  and  running  the  length  of  the 
piazza  as  fa  rt  as  possible  I  managed  to  avoid  being  thrown  down 
and  gained  the  inside  of  the  house,  where  all  my  attention  was  for 
a  time  absorbed  in  caring  for  the  inmates. 

I  arrive  at  the  duration  of  this  second  phase  in  the  following  man¬ 
ner,  and  the  result  confirms  in  a  measure  the  estimate  which  I  first 
made.  This  first  estimate  was  about  thirty  seconds  for  the  whole 
shock;  but  from  my  notes  I  afterwards  estimated  from  thirty  to 
thirty-five  seconds  from  its  beginning  to  its  end. 

There  are  in  the  city  several  very  fine  regulators  in  the  possession  of 
jewelers  and  railroads,  and  I  selected  three  of  these,  which  I  was  as¬ 
sured  had  been  corrected  by  Washington  time  at  noon  of  the  31st. 
Now  the  first  phase  of  the  earthquake  was  hardly  of  a  character  to 
stop  any  pendulum  in  the  city,  while  the  second  phase  was  very 
marked  in  its  character,  and  was  especially  remarkable  for  two  max¬ 
ima,  u  lie  of  which  occurred  at  the  very  beginning  of  the  rocking,  and 
was  inferior  to  the  second,  which  occurred  near  the  end.  It  was  the 
second  of  these  which  threw  down  so  many  walls. 

One  of  the  regulators  stopped  at  9h  51m,  another  at  9h  51m  20s,  and 
the  third  did  not  stop  at  all.  It  was  found  in  the  morning  with  the 
case  doors  wide  open,  but  keeping  good  time.  Apparently  its  escape¬ 
ment  had  not  missed  a  single  beat  of  the  pendulum. 

it  is  natural  to  suppose  that  the  two  clocks  which  stopped  did  so 
at  about  the  moment  of  greatest  motion.  The  majority  of  ordinary 
good  time-keepers,  which  were  supposed  to  be  correct,  stopped  at 
9h  51m. 

I  may  be  wrong,  but  I  judge  that  the  time  of  the  first  maximum 
was  9h  51m,  when  it  broke  into  the  first  or  milder  phase  with  such 
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sudden  violence.  This  first  severe  lurch  was  not  heavy  enough, 
however,  to  overcome  regulator  number  two,  which  continued  to 
show  the  time  until  the  second  maximum  stopped  it. 

The  difference  of  time  as  indicated  by  these  two  dials  was  twenty 
seconds;  add  to  this  the  five  or  eight  seconds  of  the  first  phase  and 
five  or  six  seconds  for  the  final  tremors,  and  we  shall  have  between 
thirty  and  thirty-five  seconds  for  the  duration  of  the  entire  shock. 

I  say  add  five  or  six  seconds  for  the  final  tremors,  because  it  was  just 
at  the  close  of  the  second  maximum  that  I  left  my  seat,  and  I  had 
hardly  reached  a  front  room  in  the  house  when  the  shaking  ceased. 

As  to  the  direction  of  the  great  and  subsequent  shocks: 

I  have  mentioned  to  some  considerable  extent  the  character  of  the 
tremors.  In  the  first  phase  there  was  no  direction  noticeable,  as  the 
movement  was  small  and  vertical.  Attention  has  also  been  drawn 
to  the  fact  that  when  the  second  phase  commenced  it  indicated  itself 
by  throwing  the  chair  forward  on  its  rockers  in  a  west-soutliwest 
direction.  I  can  not  remember  being  thrown  backward  at  first,  and 
am  certain  had  the  impulse  been  in  that  direction  I  should  have 
noticed  it.  Again,  it  will  be  remembered  that  in  my  first  effort  to 
rise  I  was  turned  more  to  the  southwest.  In-  this  position  I  had  a 
good  view  of  the  length  of  the  piazza. 

Regarding  the  rear  of  the  house  as  the  bow  of  a  ship,  the  sensa¬ 
tion  of  motion,  the  appearance  of  the  piazza  floor,,  and  the  walls  of 
the  house  were  similar  in  all  respects  to  my  experience  when  at  sea 
with  the  vessel  taking  the  billows  a  little  aft  the  port  bow,  with  the 
exception  that  the  motion  was  more  violent  and  abrupt.  Doubtless 
had  the  rocking  motion  been  confined  to  rocking  alone  the  similarity 
would  have  been  still  more  striking,  but  such  was  not  the  case;  the 
vertical  motion  of  the  first  phase  did  not  terminate  when  the  second 
phase  began,  but  was  mingled  with  it.  As  a  result,  the  rocking  mo¬ 
tion  had  a  peculiarly  indescribable  shivering  element  mixed  with  it. 
There  is  addckening  and  giddy  feeling  attending  this  motion.  Com¬ 
bined  with  the  instinct  of  self-preservation  and  the  desire  to  help 
others,  while  the  ear  is  deafened  by  the  sound  of  falling  walls  and  the 
eye  blinded  by  clouds  of  stinging  dust,  it  makes  the  senses  reel,  and 
one  finds  it  almost  impossible  to  continue  the  analysis,  even  though 
the  desire  to  see,  hear,  and  feel  all  that  is  going  on  be  as  strong  as 
ever.  It  required  all  my  self-will  to  keep  my  head  clear  and  act 
promptly  in  the  cause  of  human  life. 

Bearing  these  items  in  mind,  it  seems  to  me  that  the  direction  of 
the  first  impulse  and  subsequent  motion  came  from  a  point  between 
east  and  southeast,  but  nearer  to  the  former  than  the  latter;  and  ob¬ 
servations  made  after  the  shock  serves  to  strengthen  that  opinion. 

During  the  remainder  of  the  night  our  party  encamped  on  the 
spot  marked  K  on  the  diagram,  and  I  spent  the  time  walking  back¬ 
ward  and  forward  between  this  point  and  the  rear  of  the  yard.  1 
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kept  apart  from  the  rest  in  order  to  observe  better.  Before  the  first 
shock  I  heard  no  noise,  but  previous  to  each  subsequent  shake  there 
was  a  decided  noise,  which  was  proportional  to  the  shock  which  fol¬ 
lowed.  The  rumble  was  about  as  long  as  the  shake  and  generally 
merged  into  it.  At  times  there  were  peculiar  obscure  detonations 
without  perceptible  tremor;  and,  on  the  other  hand,  I  frequently 
heard  an  insecure  door  on  an  outbuilding  rattle  gently  without  any 
preliminary  sound.  The  tremors  which  shook  the  door  in  this  man¬ 
ner  were  not  felt  at  all. 

I  am  probably  not  mistaken  as  to  the  direction  of  these  noises, 
which  in  every  instance  came  up  from  the  east-southeast.  In  order 
to  see  if  I  was  right  I  noticed  the  people  near  me,  and  found  them 
always  listening  in  that  direction. 

Another  evidence  of  the  approximate  direction  I  derive  from  a 
young  lady  who  was  in  the  house  when  the  great  shock  came.  She 
was  standing  before  a  hanging  mirror,  and  her  first  impression  was 
a  tilting  downward  of  the  glass  in  front  of  her,  and  then  the  mirror 
swung  out  from  the  wall  toward  her.  This  mirror  hung  on  the 
front  wall  of  the  house. 

Because  of  the  hard  treatment  that  stopped  the  regulator,  which 
indicated  9h  51m  p.  m.,  I  was  induced  to  examine  it  closely,  to  detect,  if 
possible,  what  particular  motion  had  influenced  it  the  most.  I  thought 
if  the  shock  had  struck  it  at  any  considerable  angle  to  the  plane  of 
its  normal  motion  the  pendulum  would  have  made  some  mark  or 
impression  on  the  back  or  front  of  the  case,  as  it  weighs  about 
seventy-five  pounds.  To  this  end  I  also  examined  the  scale  which 
measures  the  amplitude  of  the  pendulum’s  vibrations,  but  I  could 
not  find  that  the  pointer  had  touched  it;  neither  could  I  detect  any 
mark  on  the  case.  This  is  rather  singular  if  the  shocks  came  from 
the  east  or  southeast,  as  the  plane  of  the  pendulum’s  motion  lies 
about  east-northeast  and  west-southwest;  but  it  may  be  accounted 
for  if  we  take  into  consideration  the  manner  of  suspension,  which 
pr  vents,  to  a  certain  extent,  any  considerable  lateral  motion. 

The  amount  of  rise  and  fall  in  the  surface  of  the  ground  must  have 
been  very  considerable  if  we  judge  by  the  effect  on  this  pendulum.  The 
bob  is  composed  of  two  mercury  cups,  with  the  usual  metallic  caps. 
In  each  of  these  caps  there  is  a  hole,  filled  with  a  brass  plug  about 
one-eighth  of  an  inch  in  diameter  and  three-eighths  of  an  inch  long. 
These  plugs  are  fitted  with  the  usual  watchmaker’s  care — free  to 
move,  but  having  no  play.  The  surface  of  the  mercury  was  about 
an  inch  below  the  caps,  and  yet  the  plugs  were  thrown  out  and  con¬ 
siderable  mercury  was  projected  through  the  holes  and  scattered  on 
the  bottom  of  the  case. 

I  have  also  investigated  the  forces  which  acted  upon  and  twisted 
certain  chimneys,  which  were  brought  thereby  into  a  singularly  uni¬ 
form  position  without  being  thrown  down,  and  found  the  direction 
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of  impulse  to  be  in  a  plane  about  east  and  west.  In  these  investiga¬ 
tions  I  did  not  make  allowance  for  the  adhesion  of  the  masonry  at 
the  foundation,  but  proceeded  on  the  basis  that  they  were  bodies 
resting  freely  on  their  supports.  Making  this  allowance  for  adhe¬ 
sion,  it  is  to  be  assumed  that  the  direction  of  the  plane  of  impulse 
lies  south  of  east. 

Concerning  the  amplitude  of  the  vibrations  I  can  say  nothing,  as 
I  was  not  well  placed  to  estimate  them.  Had  I  been  in  the  house, 
with  numerous  hanging  objects  around  me,  the  case  might  have  been 
different. 

In  the  diagram  it  will  be  seen  that  the  most  ruin  was  wrought  on 
the  front  of  the  house.  The  gable  was  thrown  down,  and  the  front 
as  low  down  as  the  windows  of  the  first  floor  bulged  out.  If  the 
shocks  came  from  the  other  side  this  was  the  weakest  part  of  the 
house,  as  it  had  no  support  beyond.  The  same  effect  will  be  ob¬ 
served  in  the  kitchen  building. 

There  is  a  cellar  under  the  extension  in  the  rear  of  the  main  building 
or  residence,  and  much  trouble  was  experienced  at  one  time  in  ce¬ 
menting  it  in  such  a  way  as  to  exclude  a  spring.  This  spring  may  be 
the  source  of  that  which  burst  out  at  a  point  marked  C,  and  may 
also  have  some  connection  with  the  well  at  B.  The  hole  made  by  it 
was  oval  in  shape  and  measured  six  by  eight  inches.  It  did  not  flow 
for  more  than  ten  minutes,  but  discharged  much  water  while  it 
lasted.  When  I  had  a  chance  to  go  to  it  there  was  no  more  water 
coming  from  the  orifice,  and  I  could  not  ascertain  whether  it  was 
cold  or  warm.  There  was  no  subsoil  brought  to  the  surface. 

The  cracks  in  the  yard  numbered  about  twenty,  great  and  small, 
and  they  remained  open.  Some  of  them  measured  a  half  inch  in 
width  and  varied  from  six  inches  to  many  feet  in  length.  A  few  are 
prolonged  into  the  next  lot  on  the  east  side  and  beyond.  None  ex¬ 
tended  beyond  the  fence  on  the  west  side.  Where  they  intersect  the 
kitchen  building  the  walls  are  found  to  be  badly  cracked,  and  open 
more  at  the  foundation  than  higher  up.  One  of  these  cracks  after¬ 
wards  widened  considerably,  as  did  also  the  corresponding  crack  in 
the  ground. 

I  am  inclined  to  the  belief  that  two  of  these  fissures  are  but  the 
beginning  of  the  two  which  split  the  west  end  of  the  Rodgers  house, 
on  the  corner  of  Wentworth  and  Smith  streets,  though  I  could  not 
actually  trace  them. 

In  the  fowl-yard  (see  diagram)  there  were  two  short  cracks,  about 
eight  and  ten  feet  long  and  three-quarters  of  an  inch  wide,  and  from 
these  issued  another  spring,  which  brought  up  yellow  sand  in  quanti¬ 
ties  sufficient  to  make  a  mound  four  inches  high  and  spreading  over 
a  considerable  area.  I  did  not  discover  this  until  morning.  Proba¬ 
bly  the  water  did  not  flow  for  any  great  length  of  time.  I  had  sup- 
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posed  during  the  night  that  all  the  water  in  the  yard  came  from  the 
other  spring. 

These  cracks  all  through  the  yard  show  much  compression  of  the 
surface,  although  they  remained  open  ;  for  each  one  lies  along  a  well- 
defined  ridge  which  slopes  away  three  or  four  feet  on  either  side 
where  they  do  not  meet.  That  the  surface  of  the  ground  has  changed 
its  level  is  evidenced  by  the  cracks  in  the  building,  which  are  open 
at  the  ground  but  closed  at  the  top  of  the  wall. 

The  direction  of  the  fissures,  it  will  be  n’oticed,  is  nearly  north¬ 
east  and  southwest,  with  the  exception  of  the  two  in  the  fowl-yard. 

In  closing  this  report,  I  wish  to  add  an  item  in  relation  to  the  di¬ 
rection  of  the  earthquake. 

Owing  to  the  ruinous  condition  of  the  interior  of  the  house,  it  was 
not  easy  to  make  any  observation  on  the  subject  of  small  articles 
which  had  been  thrown  down,  except  in  a  few  instances.  Out  of 
twenty  objects  which  I  noted,  sixteen  were  thrown  in  a  general 
westerly  direction  to  different  distances.  The  remaining  four  lay  as 
follows  : 

One  was  three  feet  from  its  former  resting  place  in  a  northerly 
direction,  but  may  have  struck  a  chair  and  been  landed  on  the  spot 
where  found,  if  it  fell  in  the  direction  of  the  majority.  The  second, 
a  group  of  bottles,  fell  to  the  east,  as  did  the  third  and  fourth. 

In  one  room  a  cast-iron  “summer  piece”  stood  against  the  grate 
in  the  fire-place.  This  summer  piece  or  apron  was  thrown  a  dis¬ 
tance  of  five  feet  toward  the  west.  The  grate  was  unhooked  by  the 
shock  and  thrown  four  feet  in  the  same  direction.  This  will  give 
some  idea  of  the  projectile  power  of  the  shock. 

In  this  report  I  have  confined  myself  solely  to  my  own  personal 
experience  with  regard  to  my  immediate  surroundings  ;  and  in  one 
instance  only  have  I  digressed  by  giving  the  testimony  of  another, 
and  I  did  this  because  it  bore  directly  on  the  place  under  discussion. 
I  have  judged  this  essential,  as  it  would  require  too  much  space  and 
time  to  make  a  statement  of  all,  or  even  of  a  part,  of  what  I  have 
heard  from  others,  much  of  which  is  really  of  value. 


CHAPTER  II. 

DETAILED  EXAMINATION  OF  THE  EFFECTS  AT  CHARLESTON. 

The  foregoing  descriptions  by  citizens  form  a  graphic  picture  of 
the  earthquake  at  Charleston  considered  as  a  whole.  It  now  re¬ 
mains  to  examine  in  some  detail  the  more  important  of  the  compo¬ 
nent  features.  It  will  be  necessary,  however,  to  discuss  the  facts 
ingroups  rather  than  one  by  one,  for  to  describe  them  individually 
would  protract  the  account  unnecessarily. 

The  morning  after  the  great  disaster  showed  clearly  that  the  havoc 
wrought  by  it  had  been  very  great.  There  was  not  a  building  in  the 
city  which  had  wholly  escaped  injury,  and  very  few  had  escaped 
serious  injury.  The  extent  of  the  damage  varied  greatly,  ranging 
from  total  demolition  down  to  the  loss  of  chimney  tops  and  the  dis- 
lodgment  of  more  or  less  plastering.  The  number  of  buildings 
which  were  completely  demolished  and  leveled  to  the  ground  was 
not  great.  But  there  were  several  hundred  which  lost  a  large  portion 
of  their  walls.  There  were  very  many  also  which  remained  stand¬ 
ing,  but  so  badly  shattered  that  public  safety  required  that  they 
should  be  pulled  down  altogether.  There  was  not,  so  far  as  at  pres¬ 
ent  known,  a  brick  or  stone  building  which  was  not  more  or  less 
cracked,  and  in  most  of  them  the  cracks  were  a  permanent  disfigure¬ 
ment  and  a  source  of  danger  or  inconvenience.  A  majority  of  them 
however  were  susceptible  of  repair  by  means  of  long  bolts  and  tie- 
rods.  But  though  the  buildings  might  be  made  habitable  and  safe 
against  any  stresses  that  houses  are  liable  to  except  fire  and  earth¬ 
quake,  the  cracked  walls,  warped  floors,  distorted  foundations,  and 
patched  plaster  and  stucco  must  remain  as  long  as  the  buildings 
stand  permanent  eye-sores  and  sources  of  inconveniences.  As  soon 
as  measures  were  taken  to  repair  damages  the  amount  of  injury 
disclosed  was  greater  than  had  at  first  appeared.  Innumerable 
cracks  which  had  before  been  unnoticed  made  their  appearance. 
The  bricks  had  “  worked”  in  the  embedding  mortar  and  the  mortar 
was  disintegrated.  The  foundations  were  found  to  be  badly  shaken 
and  their  solidity  was  greatly  impaired.  Many  buildings  had  suf¬ 
fered  horizontal  displacement;  vertical  supports  were  out  of  plumb; 
floors  out  of  level;  joints  parted  in  the  wood  work;  beams  and  joists 
badly  wrenched  and  in  some  cases  dislodged  from  their  sockets. 
The  wooden  buildings  in  the  northern  part  of  the  city  usually  ex¬ 
hibited  externally  few  signs  of  the  shaking  they  received  except  the 
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loss  of  chimney  tops.  Some  of  them  had  been  horizontally  moved 
upon  their  brick  foundations,  but  none  were  overthrown.  Within 
these  houses  the  injuries  were  of  the  same  general  nature  as  within 
those  of  brick,  though  upon  the  whole  not  quite  so  severe. 

The  amount  of  injury  varied  much  in  different  sections  of  the  city 
from  causes  which  seem  to  be  attributable  to  the  varying  nature  of 
the  ground.  The  peninsula  included  between  the  Cooper  and  Ashley 
Rivers,  upon  which  Charleston  is  built,  was  originally  an  irregular 
tract  of  comparatively  high  and  dry  land,  invaded  at  many  points  of 
its  boundary  by  inlets  of  low  swampy  ground  or  salt  marsh.  These 
inlets,  as  the  city  grew,  were  gradually  filled  up  so  as  to  be  on  about 
the  same  level  as  the  higher  ground.  The  distribution  of  these 
swampy  inlets  is  well  shown  in  the  map  of  the  city  (PI.  IX)  fur¬ 
nished  to  me  by  Mr.  Earle  Sloan.  At  present  there  is  little  to  indi¬ 
cate  to  the  eye  the  former  existence  of  these  low  places,  and  we  know 
of  them  only  from  the  oh^maps  of  the  city,  which  have  been  made 
from  time  to  time  during  the  last  two  centuries.  As  a  general  rule, 
though  not  without  a  considerable  number  of  exceptions,  the  destruc¬ 
tion  was  greater  upon  made  ground  than  upon  the  original  higher 
land.  A  marked  instance  of  it  is  Calhoun  street  from  King  street 
to  the  Cooper  River.  This  part  of  Calhoun  street  lies  upon  made 
ground,  and  there  is  hardly  a  building  upon  it  which  did  not  suffer 
very  seriously;  many  were  left  in  a  condition  little  better  than 
complete  wrecks.  The  city  gas  works  are  situated  not  far  from  the 
end  of  this  street  upon  the  river  front,  and  the  brick  walls  were 
thrown  out  upon  the  southeastern  side  (Fig.  5),  while  the  large 
chimney  was  broken  across  about  twenty-five  feet  below  the  sum¬ 
mit,  the  upper  portion  not  falling,  however,  but  being  slightly  dis- 
placefl.1  Market  street  from  fleeting  street  to  the  Cooper  River 

1  The  following  list  of  injuries  to  buildings  in  Calhoun  street  is  taken  from  the 
Charleston  Sunday  News  of  September  5,  1886: 

Corner  Calhoun  and  Washington  streets,  Berkeley  County  Lumber  and  Railway 
Company,  two-story  brick  building;  first  story  down  entirely.  (Sic.) 

No.  36  Calhoun  street,  brick  building;  kitchen  fell  down,  killing  a  child. 

No.  37,  two  and  a  half  story  hrick  building;  gable  down,  piazza  broken  down,  and 
building  in  a  dangerous  condition. 

No.  39,  brick;  badly  damaged  with  numerous  ci*acks. 

No.  41,  coi'ner  Calhoun  and  East  Bay  sti’eets,  bi-ick  building;  gable  and  back 
piazza  fallen;  numerous  cracks;  dangerous. 

No.  50,  two-story  wooden  building;  chimney  and  roof  fallen  in. 

No.  57,  brick,  two-story;  roof  displaced ;  brick  cornice  and  walls  seriously  cracked. 

Barnard’s  Row,  corner  Calhoun  and  Middle  streets,  six  two-story  brick  buildings; 
seriously  damaged  and  unsafe. 

No.  98,  two  and  a  half  stoiy  wood  building;  listed  to  one  side;  piazza  smashed  in. 

No.  106,  two-story  wood;  piazza  broken  in;  house  leaning  to  opposite  side. 

Emanuel  African  M..  E.  Church;  walls  listed;  organ  broken  up;  plastering  down. 

Mount  Zion  Presbyterian  Church  (colored),  largest  auditorium  in  Charleston; 
slightly  damaged. 
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extends  over  the  site  of  an  old  marsh  in  which  ran  a  small  stream. 
The  ground  is  all  made-ground.  The  buildings  on  both  sides  of  the 
street  were  without  exception  severely  injured,  portions  of  many 
walls  being  thrown  into  the  street  and  those  left  standing  being 
badly  cracked. 

There  is  probably  no  street  in  Charleston  where  severe  injury  to 
buildings  was  more  general  than  upon  Market  street.  The  square 
bounded  by  Queen,  Mazyck,  Franklin,  and  Magazine  streets  contains- 
the  South  Carolina  Medical  College,  the  hospital  buildings,  and  the 
county  jail.  Much  of  the  square  is  made  ground.  All  of  the  struct¬ 
ures  upon  it,  which  are  large  and  massive  buildings,  sustained  un¬ 
usual  injury,  and  the  Roper  Hospital,  which  stands  upon  made 
ground,  was  very  nearly  a  total  wreck.  Beaufain  street,  which  ex¬ 
tends  largely  over  made  ground,  presented  many  houses  which  lost 
their  fronts  and  were  so  badly  cracked  as  to  seem  at  first  beyond 
repair.  (PI.  XII.)  * 

What  has  sometimes  been  called  “  the  worst  wreck  in  Charleston” 
occurred  on  Hayne  street,  immediately  north  of  Market,  where  a 
block  of  buildings  standing  upon  made  ground  was  completely  de¬ 
molished.  These  instances  might  be  greatly  extended,  and  some  of 
special  interest  will  be  found  in  Dr.  Manigault’s  description  of  the 
earthquake.  (PL  XVII.) 

On  the  other  hand,  severe  injuries  were  by  no  means  confined  to 
artificial  ground,  for  many  serious  disasters  occurred  where  the 
ground  was  firmest.  On  Broad,  King,  and  Meeting  streets,  which 
traverse  the  original  high  land  through  the  greater  part  of  their  ex¬ 
tent,  many  buildings  lost  their  cornices  and  gables  and  many  were 
severely  cracked  and  fissured.  (Pis.  XIV  and  XV  and  Fig.  1.) 

The  larger  and  more  massive  structures,  such  as  the  public  build¬ 
ings,  churches,  and  halls,  were  seriously  injured,  and  required  very 
extensive  repairs  before  they  could  be  rendered  safe  and  suitable  for 
further  use.  Among  these  the  two  Anglican  churches  St.  Michael’s1 

No.  106,  two  and  a  half  story  brick  house;  seriously  damaged  throughout;  dan¬ 
gerous;  is  to  be  pulled  down. 

No.  122,  wheelwright  shops;  badly  damaged;  both  roofs  down. 

No.  130,  two-story  brick;  front  entirely  dismantled;  dangerous. 

No.  132,  two-story  brick;  an  entire  wreck;  one  person  killed  and  two  injured  in 
the  ruins. 

1  St.  Michael’s  Church  was  built  in  1752.  It  has  a  tower  1G8  feet  in  height,  which 
formerly  served  as  a  conspicuous  landmark  both  to  incoming  vessels  from  the  sea  and 
to  the  country  round  about.  During  the  Revolutionary  war  its  steeple  was  painted 
black,  in  order  to  obscure  it  from  the  British  vessels  of  war.  When  the  city  was 
captured  its  chime  of  eight  bells  was  taken  down,  carried  to  London,  and  sold;  but 
by  the  liberality  and  good  feeling  of  some  London  merchants  it  was  purchased  and 
restored  to  its  place  in  the  tower.  St.  Philip’s  Church  was  built  somewhat  earlier, 
was  destroyed  once  by  lire,  and  was  rebuilt.  In  its  church-yard  lie  the  honored  re¬ 
mains  of  Rutledge,  Pinckney,  Gadsden,  and  Calhoun.  (PI.  X.) 
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and  St.  Philip’s  are  conspicuous  by  reason  of  tlieir  comparative  age 
and  the  many  historic  associations  connected  with  them.  They  are 
venerated  by  the  people  of  Charleston  as  profoundly  as  the  Old  South 
Church  by  the  people  of  Boston.  The  injuries  to  these  buildings 
were  of  special  interest.  They  are  described  by  Dr.  Manigault  in 
the  preceding  chapter.  So  much  cherished  are  these  two  churches 
that  they  have  now  been  repaired  at  great  cost  and  restored  as 
nearly  as  possible  to  their  original  condition.  The  police  station,  a 
large,  massive  building  in  the  Grecian  style,  situated  at  the  corner  of 
Broad  and  Meeting  streets,  lost  its  portico  and  a  portion  of  its  walls, 
and  was  severely  cracked.  (PI.  XV.)  Hibernian  Hall,  a  large  build¬ 
ing  of  similar  style,  on  Meeting  street,  also  lost  its  portico  and  was 
badly  fissured.  Nearly  opposite  to  it  the  county  records  building, 
usually  known  as  the  Fire-Proof  building,  and  constructed  of  sand¬ 
stone,  lost  its  north  and  south  gables,  besides  being  considerably 
cracked.  The  Court-House  lost  a  portion  of  its  roof  and  gables  and 
its  heavy  walls  were  cracked  in  many  places.  The  Charleston  Hotel, 
on  Meeting  street,  a  large  and  heavily  built  quadrangle,  with  a  portico 
of  lofty  columns,  was  riven  with  a  great  number  of  small  cracks  and 
a  portion  of  the  parapet  in  front  fell  to  the  pavement  below.  In 
Wentworth  street  the  fine  large  hall  of  the  German  Artillery  was 
nearly  a  complete  wreck,  the  northwest  and  northeast  corners  having 
crumbled  to  the  ground  in  ruins.  In  Archdale  street  the  walls  of 
the  Unitarian  Church  were  severely  cracked,  and  the  upper  part  of 
the  tower  was  overthrown,  falling  with  great  ruin  through  the  roof 
into  the  auditorium  below.  The  Post-Office,  an  old  but  very  substan¬ 
tially  built  structure,  was  severely  shattered,  and  though  its  walls 
for  the  most  part  remained  standing,  it  was  necessary  to  shore  them 
up  to  avert  the  danger  of  collapse.  (Fig.  3.)  The  hospital  build¬ 
ings  on  Queen  street  were  all  much  fractured,  the  Roper  Hospital 
receiving  the  worst  injuries.  The  buildings  of  the  Charleston 
College  were  almost  wrecked.  The  very  large  and  massive  build¬ 
ings  forming  the  Citadel  and  the  military  school  on  Marion  Square 
were  also  severely  injured,  losing  a  part  of  their  cornices  and  the 
towers  at  the  corners  being  riven  from  the  main  walls  by  wide 
cracks  and  otherwise  shattered. 

To  mention  private  houses  which  were  nearly  or  quite  ruined  may 
be  unnecessary.  But  in  general  terms  it  may  be  remarked  that  the 
residences  of  the  wealthy  and  distinguished  families  of  Charleston 
are  more  numerous  in  the  extreme  southern  and  southwestern  than 
in  other  quarters  of  the  city.  Many  of  the  houses  are  old  and 
large,  and  give  pleasing  external  indications  of  the  culture  of  the 
generations  which  built  them.  Amid  all  the  changes  of  fashion  in 
domestic  architecture,  these  old  houses  must  still  seem  excellent 
examples  of  whatever  is  imperishable  in  the  canons  of  good  taste. 
They  were  built  to  endure  by  families  which  had  an  honorable 
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history,  and  which  looked  forward  to  their  equally  honorable  peiv 
petnation.  Houses  built  at  more  recent  periods  in  the  same  quarter 
are  indicative  of  the  same  culture,  and  many  of  them  are  fine  struc¬ 
tures. 

The  injuries  recei  ved  by  these  dwellings  have  been  in  a  very  large 
number  of  instances  most  serious.  Porticos,  bay  windows,  and  cor¬ 
nices  have  been  demolished,  wide  cracks  opened  in  the  walls,  arches 
crushed  and  broken,  the  interiors  utterly  ruined,  and  in  not  a  few 
instances  large  portions  of  the  fronts  have  been  thrown  into  the 
streets.  Many,  however,  escaped  with  damages  which  amount  to 
nothing  more  than  permanent  disfigurement  of  the  walls  by  cracks 
which  are  not  dangerous,  and  the  inevitable  loss  of  plastering  within, 
and  they  could  be  made  habitable  and  comfortable  with  moderate 
expense. 

The  havoc  wrought  in  the  principal  streets  was  also  very  great. 
Doubtless  the  most  important  is  King  street  from  Broad  street  to 
Marion  Square.  Near  the  corner  of  Broad  a  fire  started  a  few  min¬ 
utes  after  the  shock  in  a  row  of  buildings  extending  nearly  to  the 
Quaker  Cemetery  and  destroyed  them.  The  remaining  houses  upon 
that  block  were  severely  cracked,  and  the  upper  portions  of  the  walls 
of  most  of  them  were  precipitated  upon  the  pavement.  From 
Queen  street  to  Market  the  injury  was  also  very  great  and  of  the 
same  general  character,  though  a  considerable  number  of  large 
structures  appeared,  externally  at  least,  to  have  escaped  serious 
damage.  The  Victoria  Hotel  and  the  Academy  of  Music,  though 
terribly  shaken  and  internally  much  injured,  did  nqt  lose  their 
walls. 

Beyond  Market  the  buildings  opposite  the  Waverly  Hotel  were 
practically  in  ruins,  the  upper  portions  of  their  walls  having  been 
thrown  to  the  ground.  FromBeaufain  to  Wentworth  streets  a  fine 
block  of  stores  fortunately  escaped  extreme  injuries,  though  in  some 
cases  the  cornices  were  thrown  down.  Here  King  street  passes  into 
firmer  ground,  and  thence  northward  to  Marion  Square  the  graver 
injuries  were  confined  to  an  occasional  overthrow  of  walls  and  para¬ 
pets  and  the  invariable  chaos  of  interiors.  Meeting  street  is  second 
only  to  King  in  importance.  The  injuries  to  some  of  the  largest 
public  buildings  on  this  street  have  already  been  spoken  of.  There 
were  still  more  serious  damages  to  the  stores,  several  of  which  were 
complete  wrecks,  losing  their  entire  walls  or  suffering  from  frac¬ 
tures  and  dislocations  which  seemed  at  first  beyond  repair.  Others 
received  only  minor  injuries. 

Cumberland  street  from  Meeting  to  East  Bay  suffered  very  great 
damage,  many  fronts  being  thrown  down  and  the  buildings  being 
left  in  a  condition  little  better  than  wrecks.  Broad  street,  one  of  the 
most  important  thoroughfares,  likewise  suffered  greatly.  The  gran¬ 
ite  parapet  of  The  News  and  Courier  building  was  hurled  to  the 
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pavement  and  the  heavy  roof  left  in  a  precarious  condition.  The 
fronts  of  several  commercial  buildings  were  wholly  thrown  down, 
a  still  larger  number  lost  their  cornices,  and  all  were  cracked  and 
their  interiors  thrown  into  dire  confusion.  East  Bay  street,  which 
runs  near  and  parallel  to  the  Cooper  River,  and  which  is  the  site  of 
the  great  shipping  houses,  also  suffered  severely.  Several  buildings 
were  completely  ruined;  one  at  the  corner  of  Cumberland  street 
being  tumbled  to  the  ground. 

In  truth,  there  was  no  street  in  Charleston  which  did  not  receive 
injuries  more  or  less  similar  to  those  just  described.  To  mention 
them  in  detail  would  be  wearisome  and  to  no  purpose.  The  general 
nature  of  the  destruction  may  be  summed  up  in  comparatively 
few  words.  The  destruction  was  not  of  that  sweeping  and  unmiti¬ 
gated  order  which  has  befallen  other  cities,  and  in  which  every 
structure  built  of  material  other  than  wood  has  been  either  leveled 
completely  to  the  earth  in  a  chaos  of  broken  rubble,  beams,  tiles,  and 
planking,  or  left  in  a  condition  practically  no  better.  On  the  con¬ 
trary.  a  great  majority  of  houses  were  left  in  a  condition  shattered, 
indeed,  but  still  susceptible  of  being  repaired.  Undoubtedly  there 
were  very  many  which,  if  they  alone  had  suffered,  would  never  have 
been  repaired  at  all,  but  would  have  been  torn  down  and  new  struct¬ 
ures  built  in  their  places;  for  no  man  likes  to  occupy  a  place  of 
business  which  suffers  by  contrast  with  those  of  his  equals.  But 
when  a  common  calamity  falls  upon  all,  and  by  its  very  magni¬ 
tude  and  universality  renders  it  difficult  to  procure  the  means  of 
reconstruction,  and  where  thousands  suffer  much  alike,  his  action 
will  he  different.  Thus  a  very  large  number  of  buildings  were 
repaired  which,  if  the  injuries  to  them  had  been  exceptional  mis¬ 
fortunes  instead  of  part  of  a  common  disaster,  would  have  been 
replaced  by  new  structures.  Instances  of  total  demolition  were  not 
common. 

This  is  probably  due,  in  some  measure,  to  the  stronger  and  more 
enduring  character  of  the  buildings  in  comparison  with  the  rubble 
and  adobe  work  of  those  cities  and  villages  which  are  famous  chiefly 
for  the  calamities  which  have  befallen  them.  Still  the  fact  remains 
that  the  violence  of  the  quaking  at  Charleston,  as  indicated  by  the 
havoc  wrought,  was  decidedly  less  than  that  which  has  brought  ruin 
to  other  localities.  The  number  of  houses  which  escaped  very 
serious  injuries  to  their  walls  was  rather  large;  but  few  are  known 
to  have  escaped  minor  damages,  such  as  small  cracks,  the  loss  of 
plastering,  and  broken  chimney  tops. 

A  careful  study  of  the  injuries  to  buildings  in  a  city  devastated 
by  an  earthquake  generally  enables  us  to  obtain  ideas,  though  im¬ 
perfect  ones,  of  the  nature  and  characteristics  of  the  forces  which 
have  wrought  them.  It  therefore  becomes  a  matter  of  interest  to 
study  these  injuries  with  a  view  to  ascertaining  what  were  the  pre- 
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vailing  directions  of  tlie  complex  impulses  which  constituted  the 
earthquake. 

It  did  not  take  long  to  discover  that  the  number  of  overthrown 
walls  facing  north  and  south  exceeded  those  facing  east  and  west. 
It  soon  appeared  also  that  the  injuries  to  buildings  had  some  relation 
to  the  direction  of  the  streets.  It  will  be  well,  however,  to  glance 
at  the  map  of  the  city  and  gain  an  idea  of  this.  It  will  be  seen  that 
south  of  Beaufain  street  the  directions  are  a  few  degrees  west  of 
north  for  those  which  run  up  and  down  the  peninsula  and  a  little 
south  of  west  for  those  which  run  across  it.  At  Beaufain  street  the 
directions  -  of  the  principal  streets  undergo  an  abrupt  change,  the 
longitudinal  ones  extending  about  N.  30°  W.  the  transverse  ones  W. 
30°  S.  We  may  therefore,  for  immediate  purposes,  divide  the  city 
into  two  portions  at  Beaufain  street,  and  the  streets  of  the  two  divis¬ 
ions  will  thus  form  two  networks  differing  in  their  directions.  The 
preponderance  of  overthrown  walls  facing  north  and  south  is  well 
marked  in  the  southern  division,  but  it  is  still  more  so  in  the  north¬ 
ern.  In  those  blocks  which  are  solidly  built  up,  without  open  spaces 
between  buildings,  the  overthrows  were  decidedly  more  numerous  on 
the  transverse  than  upon  the  longitudinal  streets. 

The  number  of  isolated  or  wholly  detached  houses  is  quite  consid¬ 
erable  in  many  parts  of  the  city,  and  the  liability  to  overthrow  was 
in  such  cases  independent  of  the  direction  of  the  street,  and  depend¬ 
ent  wholly  upon  the  plan  of  the  building  and  the  direction  from 
which  the  disturbing  force  came.  The  continuously  built-up  blocks 
of  Broad,  Hayne,  and  Market  streets,  running  east  and  west,  had  rela¬ 
tively  more  fronts  and  cornices  thrown  out  than  those  of  King  and 
Meeting  streets,  which  run  north  and  south.  Above  Beaufain  the 
destruction  upon  King  and  Meeting  streets  through  thrown  walls 
was  small.  In  completely  isolated  buildings  north  and  south  walls 
were  more  frequently  thrown  than  east  and  west  ones.  Moreover, 
the  east  and  west  walls  disclosed  in  many  cases  some  very  signifi¬ 
cant  injuries  which  appeared  less  frequently  on  the  north  and  south 
ones. 

When  the  buildings  were  three  or  more  stories  in  height,  and  the 
windows  of  each  story  placed  directly  over  those  of  the  story  below, 
the  cracks  in  the  walls  exhibited  a  well-marked  tendency  to  the  fol¬ 
lowing  configuration:  In  the  middle  stories  the  portions  of  wall  be¬ 
tween  the  caps  or  lintels  of  lower  windows  and  the  sills  of  the  win¬ 
dows  above  were  often  traversed  by  two  diagonal  intersecting  cracks. 
But  from  the  upper  corners  of  the  upper  windows  cracks  extended 
almost  vertically  upwards  to  the  summit  of  the  wall.  This  configu¬ 
ration  was  so  common  as  to  attract  universal  attention,  and  it  is  well 
illustrated  in  Fig.  5.  The  meaning  of  it  is  plain.  These  diagonal 
cracks  are  the  results  of  shearing  stresses  set  up  by  a  motion  of  the 
wall  nearly  or  quite  in  its  own  plane. 


SfcMSW 


U  ft.  fiFOl  OGirAL  SURVFY 


NINTH  A N N 1 1 A I  PFPORT  PL.  XVI 


ST.  PHILIP’S  CHURCH 


DUTTON.] 


255 


Fig.  5.  Diagonal  cracks  between  upper  and  lower  windows. 

These  diagonal  cracks  are  more  numerous  apparently  in  walls  ' 
running  north  and  south  than  in  those  having  transverse  directions, 
but  their  occurrence  is  still  common  in  those  running  transversely. 

Perhaps  the  most  remarkable  occurrence  which  can  be  selected  as 
a  test  case  was  found  at  the  city  gas  works.  The  great  gasholder 
is  supported  upon  a  masonry  foundation  sunk  in  the  ground,  so  as 
to  form  a  wide,  shallow,  circular  well.  The  whole  mass  of  this  great 


Fig.  6.  The  city  gas-works. 
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structure  suffered  horizontal  oscillation,  and  the  retaining  earth  in¬ 
closing  the  foundation  was  found  to  be  separated  from  the  masonry 
by  a  space  of  about  eight  inches  on  the  southeast  side  and  two  inches 
on  the  northwest  side;  the  direction  indicated  for  this  oscillation 
about  S.  35°  E.  (Fig.  6.)  The  circular  shape  of  the  structure  elim¬ 
inates  all  causes  inherent  in  the  form  or  plan  of  the  mass  which 
would  be  liable  to  modify  its  movement  or  to  deflect  it  in  a  direc¬ 
tion  different  from  that  of  the  forces  which  moved  it. 

Another  remarkable  instance  was  one  of  the  large  wooden  ware¬ 
houses  of  the  Northeastern  Railroad  Company,  on  the  shore  of  Cooper 


Fig.  7.  Storehouse  of  Northeastern  Railroad  moved  from  its  foundation. 

River,  in  the  northern  part  of  the  city.  This  structure  is  about  four 
hundred  feet  long  and  rests  upon  piles.  It  was  moved  bodily  in  a 
direction  about  S.  30°  E.  through  a  distance  of  eight  feet  nine  inches, 
and  its  southern  end  overhung  its  supports  far  enough  to  permit  it 
to  sag  down  about  two  feet.  It  contained  about  fifteen  hundred  tons 
of  freight  at  the  time.  (Fig.  7.) 

Mr.  A.  deCaradeuc,  chief  engineer  of  the  South  Carolina  Railroad, 
also  states  that — 

We  have  a  pier  or  wharf  on  Cooper  River  1.000  feet  long  on  the  river  front  and 
100  feet  in  width,  built  on  piles  driven  from  forty  to  sixty  feet  below  the  surface  of  the 
mud.  The  structure  is  solidly  built,  with  heavy  timbers  on  these  piles.  Upon  the 
floor  we  have  erected  eight  large  warehouses,  the  sills  of  which  are  simply  laid  on 
the  floor.  These  warehouses  were  all  slid  on  the  floor,  from  six  to  eighteen  inches 
in  a  southerly  direction  and  from  three  to  six  inches  in  an  easterly  direction,  without 
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losing  the  perpendicular  of  their  upright  posts,  although  nearly  all  the  hanging 
.braces  were  torn  from  their  sockets.  The  roofs  were  entirely  uninjured.  Wholly 
independent  of  the  wharf  we  have  two  large  warehouses,  60  feet  by  400,  built  upon 
piles,  capped  with  heavy  timbers.  They  were  both  partly  filled  with  phosphate  fer¬ 
tilizers,  several  thousand  tons  in  each.  One  of  these  moved  10  feet  southwardly  from 
the  caps  and  lies  on  the  bare  piles.  The  second  bears  every  evidence  of  having 
been  upheaved  vertically  not  less  than  three  inches;  for  many  of  the  upright  posts 
of  the  building  which  had  fitted  into  three-inch  sockets  on  the  sills  are  now  stand¬ 
ing  on  the  sills.  There  was  no  sinking  of  the  piles. 

There  were  other  instances  of  the  displacement  of  houses  upon 
their  foundations,  hut  none  so  great  as  those  described  by  Mr.  de 
Caradeuc. 

The  monuments  in  graveyards  have  generally  been  carefully  scru¬ 
tinized  after  a  great  earthquake,  as  these  seem  at  first  to  be  well  suited 
to  disclose  the  directions  of  the  impulses,  and  many  of  them  are  easily 
displaced.  There  are  several  churchyards  and  cemeteries  in  and 
about  Charleston,  and  all  of  them  were  visited,  with  this  inquiry  in 
view.  The  result  was  utter  bewilderment.  The  headstones  were 
thrown  in  every  conceivable  direction,  and  the  most  careful  compar¬ 
ison  failed  to  disclose  any  predominant  direction  whatever.1  The 
truth  is  that  such  monuments  are  not  adapted  to  give  decisive  indi¬ 
cations  of  direction  of  motion;  for  it  is  to  be  remembered  that 
the  impulses  are  always  complex,  and  never  simple.  It  will  be  a 
rare  chance  that  the  resultant  of  several  impulses  compounded  will 
strike  the  base  of  the  monument  perpendicularly  to  any  one  side. 
Striking  it  obliquely,  the  shaft  will  be  tilted  in  such  a  manner  as  to 
throw  the  whole  weight  of  it  for  an  instant  upon  one  corner.  The 
center  of  impact  of  the  shaft  then  will  not  be  vertically  over  this 
corner,  and  the  result  is  a  twisting  motion. 

Moreover,  the  direction  of  the  resultant  of  several  impulses  com¬ 
pounded  is  continuously  shifting  with  great  rapidity.  Still,  if  there 
are  one  or  more  impulses  having  a  single  direction  and  greatly  ex¬ 
ceeding  in  force  and  amplitude  all  impulses  in  any  other  direction, 
we  might  then  expect  to  find  the  displacements  of  the  monuments 
showing  conformity  to  them.  Probably  this  predominance  some¬ 
times  occurs.  At  Charleston  it  certainly  was  not  very  pronounced. 

In  seeking  to  determine  from  the  injuries  to  buildings  the  prevail¬ 
ing  direction  of  motion,  we  find,  therefore,  that  these  injuries  indi¬ 
cate  no  exclusive  one.  In  every  direction  the  movements  had  suf¬ 
ficient  power  to  overthrow  and  destroy.  But  out  of  the  mass  of 
facts  there  appear  some  which  indicate  that  the  most  energetic  and 
destructive  came  from  a  direction  somewhat  west  of  north. 

It  seems  proper  to  add  here  a  class  of  testimony  of  a  very  differ- 

1 1  have  upon  my  files  a  large  number  of  photographs  and  drawings  of  displaced 
'monuments  in  cemeteries,  but  they  give  no  result  that  is  in  the  least  degree  intelli¬ 
gible,  and  I  can  find  no  reason  for  publishing  them,  unless  it  be  to  show  their  dis¬ 
cordant  character. 
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ent  nature  upon  the  subject  of  direction  of  motion.  There  were 
many  persons  whose  letters  are  before  me  who  assert  that  the  most 
noticeable  impulses  came  from  the  west,  or  a  little  south  of  west. 
They  base  their  inferences  wholly  upon  their  sensations.  A  good 
example  of  this  testimony  is  to  be  found  in  Dr.  Manigault’s  narra¬ 
tive.  After  getting  out  of  his  house  into  the  door  yard  lie  spread 
his  feet  apart  and  braced  himself  east  and  west  to  avoid  being  over¬ 
thrown,  and  felt  undulations  of  great  amplitude  passing  under  him 
in  that  direction. 

The  number  of  persons  who,  from  direct  sensation,  assert  the 
same  direction  of  motion  is  considerable.  To  be  more  approximate, 
the  direction  which  they  assert  was  from  a  little  south  of  west. 
This  is  nearly  or  perhaps  quite  at  right  angles  to  the  direction 
which,  from  the  testimony  of  inanimate  objects,  has  been  inferred  to 
have  predominated.  This  ought  not  to  surprise  us,  for  the  two 
classes  of  testimony  are  not  necessarily  in  conflict. 

It  may  still  prove  true — indeed,  it  is  almost  certainly  true — that  in 
the  earlier  stages  of  the  quaking  the  impulses  were  from  north- 
northwest  to  south-southeast,  while  in  the  later  stages  they  were 
nearly  at  right  angles  to  that  direction,  as  will  subsequently  appear. 
Without  anticipating  facts  which  are  yet  to  be  described,  and  know¬ 
ing  nothing  of  the  nature  of  the  impulses  at  their  origin,  we  know 
that  a  wave  in  a  solid  body  may  and  does  set  up  vibrations  of  its  par¬ 
ticles,  some  of  which  are  to  and  from  the  origin  or  coincident  with 
the  direction  of  propagation,  while  others  are  at  right  angles  to  that 
direction;  the  former  being  called  normal,  the  latter  transverse, 
vibrations.  Moreover,  it  is  known  that  both  forms  of  vibration 
usually  occur  in  great  earthquakes,  and  that  the  normal  ones  come 
first  and  the  transverse  ones  follow. 

Thus,  without  going  beyond  the  facts  already  recited,  we  might 
suppose  that  the  motions  in  two  directions,  separately  testified  to, 
really  occurred.  But  it  will  also  appear  that  there  were  at  least  two 
distinct  centra  or  origins,  one  situated  N.  30°  W.  from  Charleston, 
and  another  due  west  of  the  city,  and  thus  impulses  from  the  second 
centrum  would  equally  explain  the  matter. 

It  is  also  easy  to  see  how  the  directions  of  the  early  waves  may 
have  escaped  attention  and  recognition  by  the  senses;  for  when  the 
first  impulses  from  the  northwest  arrived  in  full  vigor  surprise  and 
consternation  reigned  supreme.  At  a  later  period,  after  people  had 
recognized  the  nature  of  the  disturbance,  had  rushed  from  their 
houses  into  the  open  air,  and  had  in  a  measure  recovered  their  self 
possession,  so  as  to  be  able  to  observe  what  was  going  on  around 
them,  only  the  east  and  west  waves  remained  to  be  observed. 

Thus,  while  the  testimon  '  of  inanimate  objects  indicates  a  north¬ 
erly  and  southerly  motion  as  the  more  forcible  and  destructive,  the 
testimony  of  individuals,  from  their  sensations,  more  frequently  in- 
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dicates  an  easterly  and  westerly  one.  In  order  to  reach  a  conclusion 
on  this  point  it  is  necessary  to  have  a  wider  range  of  facts  before 
us.  The  next  step,  therefore,  will  be  to  endeavor  to  extract  from 
the  testimony  some  general  conception  of  the  duration  of  the  quaking, 
the  varying  phases,  and  the  characteristics  of  those  phases. 

According  to  the  testimony  of  some,  the  first  intimation  of  the 
disturbance  was  a  strange  sound  or  murmur.'  Others  say  that  with 
the  sound  they  felt  the  trembling,  and  that  both  increased,  at  first 
steadily  but  by  perceptible  stages,  and  then  suddenly  or  by  swift 
degrees,  to  the  fidl  roar  and  energy  of  the  climax. 

Dr.  Manigault  resides  in  a  very  quiet  street  near  the  Battery,  and 
but  a  few  hundred  feet  from  the  estuary  of  the  Ashley  River.  He 
was  engaged  in  a  game  of  chess,  and  a  member  of  his  family  was 
sitting  by  an  open  window.  The  latter,  surprised  or  perhaps 
alarmed  by  a  strange  prolonged  sound,  arose,  crossed  the  room, 
entered  the  hall,  and  passed  out  into  the  open  air  before  the  doctor 
became  aware  of  anything  unusual.  The  sound  appeared  to  come 
across  the  water  of  Ashley  River  from  the  west-soutliwest.  An¬ 
other  observer  of  intelligence  was  seated  in  the  park  at  the  Battery, 
near  the  statue  of  Jasper.  He  suddenly  became  conscious  of  a  deep 
murmur,  which  swelled  in  volume,  and  which  appeared  to  come 
from  the  open  bay,  lying  southeastward.  Very  soon  there  was 
a  sound  of  agitation  in  the  leaves  of  the  trees  overhead,  and  at 
the  same  instant,  he  thinks,  he  became  aware  of  a  tremor  in  the 
ground.  Springing  to  his  feet,  there  suddenly  broke  upon  his  ear  a 
rapid  swell  in  the  sound,  which  became  a  mighty  roar,  and  with  the 
roar  came  the  shock. 

Dr.  A.  D.  Lee  was  with  a  small  party  in  a  boat  near  James  Island, 
a  very  few  miles  from  Charleston  and  about  a  quarter  of  a  mile  from 
shore.  He  states  that  a  rumbling  noise  was  heard  coming  from  the 
sea  before  any  shock  was  felt.  “The  direction  of  the  sound  was 
from  southeast  to  northwest.  We  heard  it  for  an  appreciable  time 
before  we  felt  any  shock.  In  fact,  every  succeeding  roar  came  from 
the  same  direction.”  “There  was  no  distinct  wave  [of  the  water 
surface  presumably  is  meantj  but  an  irregular  disturbance  of  the 
water.  ” 1 

The  foregoing  will  illustrate  the  drift  of  a  considerable  amount  of 
testimony  to  the  effect  that  the  first  indication  was  the  sound.  But 
there  is  also  a  larger  amount  of  it  to  the  effect  that  the  sound  and 
the  tremors  were  felt  simultaneously.  It  seems  unnecessary  here  to 
give  this  testimony  in  detail,  and  it  may  suffice  to  indicate  its  general 
character.  It  comes  in  every  instance  either  from  observers  who 
were  so  situated  that  the  sound  of  the  earthquake  filling  the  air 
with  its  vibrations  would  either  be  confounded  with  other  sounds 

'C.  McKinley’s  account  of  the  earthquake.  Charleston  Year  Book,  1887,  pp.  336, 
389. 
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incident  to  a  city,  or  would  not  be  lieard  at  all  in  its  earlier  stages. 
Most  of  such  observers  were  within  houses  situated  on  busy  streets, 
or  in  rooms  which  the  sound  would  not  penetrate  easily  until  it  had 
reached  a  considerable  degree  of  intensity. 

Among  those  who  distinctly  recognized  the  sound  before  the 
shocks  there  is  the  widest  discrepancy  as  to  the  directions.  If  we 
consider  the  statements  of  those  who  were  near  the  water,  they  affirm 
in  every  instance  that  it  was  heard  coming  from  the  water.  Those 
who  were  sitting  in  houses  away  from  the  water  designate  almost 
every  point  of  the  compass.  There  is  a  group  of  statements  by  many 
persons  that,  both  at  the  beginning  of  the  great  catastrophe  and  of 
some  of  the  more  vigorous  subsequent  shocks,  they  were  apprised  of 
its  coming  by  the  outcries  of  people  a  few  blocks  away,  which  were 
heard  before  they  felt  any  tremors.  This,  however,  is  asserted  much 
more  frequently  of  the  subsequent  minor  shocks  than  of  the  principal 
one. 

It  has  been  asserted  of  many  earthquakes  that  their  coming  was 
preceded  by  a  murmur,  swelling  gradually  into  a  loud  roar,  and  cul¬ 
minating  with  the  principal  convulsion.  At  the  same  time  so  much 
conflicting  testimony  has  been  blended  with  these  assertions,  that  it 
has  been  regarded  as  a  doubtful  feature.  It  may  be  well,  therefore, 
to  examine  this  matter  by  the  light  of  those  physical  laws  which 
have  a  bearing  upon  the  question.  The  general  theory  of  the  mo¬ 
tion  of  earthquake  waves  will  be  discussed  at  some  length  in  another 
part  of  this  work,  but  we  may  here  anticipate  enough  of  that  discus¬ 
sion  for  present  purposes. 

In  every  great  earthquake  there  are  thousands  of  individual  waves 
or  tremors  imparted  to  the  earth  mass.  These  waves  have  varying 
degrees  of  wave  length  and  amplitude.  All  of  them  move  with 
enorffious  velocity,  which,  as  will  hereafter  be  shown,  is  probably 
not  far  from  three  miles  per  second,  or  nearly  fifteen  times  as  fast  as  a 


sound  wave  in  the  air.  As  the  impulses  approach  the  surface  of  the 
ground  more  or  less  obliquely  from  below,  they  pass  from  the  com¬ 
pact  solid  rocks  into  more  loosely  aggregated  strata,  and  finally  into 
the  surface  soil.  In  passing  from  one  medium  to  another  these  waves 
are  greatly  modified,  but  ultimately  they  impart  a  vibratory  motion 
to  the  surface  of  the  ground  and  to  objects  resting  upon  it. 

Owing  to  the  great  swiftness  of  propagation  a  tract  of  ground 
no  larger  than  that  occupied  by  the  city  of  Charleston  is  completely 
traversed  by  each  impulse  in  less  than  one  second  of  time,  and  we 
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shall  make  no  material  error  by  considering  a  tract  of  that  size  as 
being  affected  throughout  its  entire  extent  simultaneously  by  any 
single  wave.  A  succession  of  waves  throws  the  ground  into  a  con¬ 
tinued  state  of  tremor.  But  there  may  be  and  generally  is  required 
a  large  number  of  waves  to  set  objects  vibrating  in  a  sustained  man¬ 
ner  and  with  sufficient  violence  to  manifest  the  strongest  effects  of 
the  vibration. 

Every  rigid  object  is  susceptible  of  vibratory  motion,  but  consid¬ 
ered  as  a  mass  it  has  some  definite  “period”  of  oscillation  or  natural 
pitch.  If  among  the  thousands  of  impulses  to  which  it  is  subjected 
there  is  a  considerable  number  whose  periods  agree  with  that  of  the 
particular  object,  the  vibratory  effect  becomes  cumulative  and  the 
amplitude  of  it  increases  with  each  impulse.  These  vibrations  are  in 
turn  communicated  to  the  air  and  produce  sensible  sound,  provided 
the  oscillations  are  rapid  enough  to  affect  the  ear.  Coming  from  all 
places  within  earshot  at  once,  the  sound  is  a  murmur,  filling  the 
whole  air.  What  the  ear  hears,  therefore,  is  not  the  earthquake 
waves  themselves,  but  the  secondary  vibrations  imparted  by  those 
waves  to  stationary  objects  in  the  neighborhood. 

The  earthquake  wave  has  come,  it  has  passed,  it  has  gone,  with  a 
swiftness  which  the  observer  can  no  more  appreciate  than  he  can 
the  time  of  passage  of  a  flash  of  lightning.  Hundreds,  and  perhaps 
thousands,  of  them  have  passed  in  the  same  way.  Their  coming  and 
going  are  never  heard  at  all,  strictly  speaking, but  only  the  secondary 
effects  upon  fixed  objects.  If,  now,  the  first  impulses  sent  out  by  an 
earthquake  consist  of  small  waves  which  repeat  themselves  for  a 
perceptible  time  before  the  great  impulses  begin,  it  is  quite  intelligi¬ 
ble  that  they  may  cause  sounds  which  will  be  perceived  before  any 
sensible  quaking  is  recognized. 

A  somewhat  interesting  consideration  here  suggests  itself.  It  may 
be  after  all  that  the  failure  to  feel  the  trembling  on  the  part  of  any 
observer  is  to  be  attributed  not  to  the  feebleness  of  the  tremors  nor 
even  to  the  dullness  of  those  sensations  which  would  apprise  us  of 
them,  but  to  the  fact  that,  when  the  ear  catches  a  strange  and 
unusual  sound  the  attention  is  so  engaged  in  listening  that  it  is 
wholly  diverted  from  the  other  sensations,  which  would  have  been 
very  noticeable  if  the  ear  had  perceived  nothing.  Thus  if  two 
persons  had  been  in  the  same  situation  but  one  of  them  stone  deaf, 
would  not  the  latter  have  felt  the  tremors  as  soon  as  the  other  heard 
the  sound? 

It  appears  from  the  testimony  that  the  beginning  of  the  earthquake 
consisted  of  light  tremors,  which  were  recognized  first  by  the  mur¬ 
muring  sound.  These  gradually  increased  in  loudness,  and  then  the 
trembling  of  ground  and  buildings  became  perceptible.  This  trem¬ 
bling  continued  to  increase  until,  somewhat  suddenly,  the  violent 
oscillations  came  and  the  earthquake  was  at  its  height.  The  duration 
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of  this  preliminary  phase  can  he  estimated  only  from  the  descriptions 
which  various  reporters  have  given  of  what  they  did. 

Purely  subjective  estimates  founded  upon  recollections  of  mental 
processes  only  are  not  to  be  trusted.  These  are  usually  much  too 
brief.  A  single  statement  like  that  of  Dr.  Manigault  is  far  more 
conclusive.  His  son,  sitting  by  the  window,  heard  the  sounds,  was 
startled  by  them,  arose  and  walked  across  the  room  into  the  hall  and 
out  of  the  bouse  before  the  doctor  was  aware  of  anything  unusual. 
The  sound  could  have  been  produced  only  by  the  light  preliminary 
tremors.  To  become  aware  of  the  strange  sounds  and  to  perform 
the  subsequent  actions  before  the  arrival  of  the  destructive  phase 
must  have  required  a  considerable  number  of  seconds,  probably  not 
less  than  ten  and  not  necessarily  more  than  fifteen.  From  Mr.  F.  R. 
Fisher’s  testimony  a  similar  estimate  may  be  made.  The  statement 
of  Mr.  Marshall  also  indicates  for  the  preliminary  sounds  and  tremors 
an  interval  not  less  than  ten  seconds  and  probably  not  more  tliaif 
fifteen.  The  testimony  which  would  indicate  a  briefer  period  comes 
wholly  from  persons  who  were  so  situated  that  the  first  sounds  would 
not  readily  be  heard  by  them.  The  consensus,  however,  is  general 
that  this  phase  occupied  a  considerable  number  of  seconds  ;  most 
probably  about  twelve  seconds. 

The  second  phase  was  the  most  destructive  one.  It  came  suddenly, 
and  while  people  were  wondering  what  was  the  cause  and  meaning 
of  the  sounds  and  vibrations  they  heard  and  felt.  There  is  little  that 
can  be  said  beyond  what  has  already  been  stated  as  to  its  special 
characteristics.  All  was  confusion  and  dismay,  and  no  man  was  suf¬ 
ficiently  calm  and  self-possessed  to  make  observation.  The  duration 
of  this  phase  it  is  difficult  to  estimate.  Here,  also,  subjective  esti¬ 
mates  are  worthless. 

There  is,  however,  almost  universal  agreement  that  there  were  two 
maxima  of  intensity.  The  first  maximum  has  already  been  designated 
as  the  second  phase.  This  was  followed  after  an  unknown  interval 
by  a  considerable  relaxation  of  the  vigor  of  the  shocks  constituting 
the  third  phase.  Then  the  quaking  increased  (fourth  phase)  until  it 
reached  an  intensity  which  was  probably  less  than  that  of  the  first 
maximum.  This  passed  gradually  into  the  final  or  fifth  phase,  in 
which  the  tremors  died  out  rather  rapidly  into  quietude. 

Although  there  are  no  means  of  estimating  accurately  the  several 
durations  of  the  second,  third,  and  fourth  phases  ;  i.  e.,  the  two  maxi¬ 
ma,  with  the  intervening  minimum,  a  rough  approximation  may  be 
made  to  the  united  durations  of  the  three.  The  estimate  must  rest 
not  upon  what  people  thought,  but  upon  what  they  did.  During  a 
visit  to  Charleston  a  gentleman  (who  desires  that  his  name  shall  not 
be  mentioned)  recited  to  me  in  great  detail  a  series  of  acts  which  were 
repeated  as  nearly  as  they  could  be  recalled  and  timed.  They  repre¬ 
sented  by  definite  association  the  beginning  of  the  first  maximum 
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and  the  intervening  phases  to  the  end  of  the  second.  Five  trials  gave 
a  duration  of  fifty  seconds. 

Probably  a  similar  estimate  would  be  made  from  the  account  given 
by  Mr.  Thomas  H.  Tolson,  of  Baltimore,  who  was  visiting  the  city 
at  the  time  and  was  a  guest  at  the  Charleston  Hotel.  His  account 
is  so  circumstantial  and  so  intelligent,  that  I  give  it  in  full: 

I  had  been  sitting  outdoors,  opposite  the  hotel,  talking  with  an  old  gentleman, 
and  about  9.45  bade  him  good-night,  went  over  to  the  hotel  and  soon  went  to  my 
room,  which  was  on  the  third  floor  from  the  ground.  When  I  lit  my  gas,  an  exten¬ 
sion  burner  which  you  pull  down,  I  heard  a  noise  and  supposed  I  had  broken  some- 
thi  ig.  I  made  an  inspection,  hut  could  find  nothing  broken.  Then  I  went  to  place 
my  hat  on  a  bureau,  and  just  then  the  shock  came,  without  any  warning.  I  would 
have  fallen  if  I  had  not  thrown  my  hands  out  anti  clung  to  the  window.  It  seemed 
as  though  the  hotel  was  lifted  up  and  swung  backward  and  forward  a  distance  of 
fifteen  or  twenty  inches  at  each  vibration.  I  was  terrified.  At  the  very  first  shock 
the  lights  in  the  house  all  went  out,  and  I  was  in  perfect  darkness.  Then  the  plas¬ 
tering  began  to  fall.  It  flashed  through  my  mind  that  I  should  endeavor  to  get  out 
of  the  house,  and  I  got  out  into  the  corridor  and  groped  my  way,  in  utter  darkness, 
amid  falling  plaster.  Other  people  in  the  house  were  likewise  groping  their  way 
out.  When  I  reached  the  ground  floor  I  could  see  a  little  from  the  reflection  from 
the  street  lights.  The  air  was  filled  with  plaster  dust.  All  around  was  a  terrible 
roaring  and  moaning  sound,  and  the  din  was  heightened  by  the  falling  of  timbers. 
I  found  the  front  door  of  the  house  closed,  a  fortunate  thing  for  me,  as  it  saved  my 
life.  It  took  me  a  moment  to  find  the  knob,  and  as  I  was  looking  for  it  tons  of 
brick  fell  down  from  the  upper  part  of  the  house  in  front  of  the  door.  If  I  had 
found  the  door  open  I  would  have  been  buried  under  the  bricks.  I  ran  out  through 
the  heaps  of  fallen  bricks  and  fell  twice  in  getting  to  the  middle  of  the  street. 
There  I  remained  terror-stricken. 

The  Charleston  Hotel  is  a  very  large  building;  its  corridors  are 
long;  its  stairway  circuitous.  It  seems  as  if  a  single  minute  were  a 
short  allowance  of  time  for  all  the  actions  and  movements  described 
by  Mr.  Tolson. 

Another  correspondent  (who  subsequently  repeated  and  timed  his 
actions)  states  that  when  the  first  violent  shock  came  he  sprang  from 
his  bed,  seized  a  child  from  its  cradle,  descended  two  flights  of  stairs, 
slowly  picking  his  way  in  the  darkness  traversed  a  long  hallway, 
went  out  of  the  door  and  reached  his  garden,  narrowly  escaping 
death  from  a  falling  cornice  as  he  emerged  from  the  door.  The 
ground  rocked  violently  for  several  seconds  after  he  reached  it,  but 
soon  became  quiet.  The  estimated  duration  was  between  forty-five 
and  fifty-five  seconds. 

Other  accounts  are  less  detailed,  but  most  of  them  indicate  a  du¬ 
ration  of  about  the  same  length,  or  at  least  are  not  inconsistent  with 
it.  Those  who  depend  solely  upon  their  sense  of  duration  independ¬ 
ently  of  their  actions  almost  invariably  give  a  shorter,  often  a  much 
shorter,  period.  A  considerable  number,  recalling  their  actions  and 
making  an  off-hand  estimate  of  the  time  required  to  perform  them, 
estimate  the  duration  of  the  violent  parts  of  the  earthquake,  includ¬ 
ing  the  intervening  minimum,  to  have  been  about  forty-five  seconds. 
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We  may,  then,  estimate  with  a  fair  degree  of  approximation  that  the 
total  duration  of  the  earthquake  in  Charleston  was  about  as  follows: 

Seconds. 


First  phase  of  preliminary  sounds  and  tremors .  12 

Second,  third,  and  fourth  phases .  50 

Fiftli  phase  of  vanishing  tremors .  8 

Total .  70 


We  have  still  to  inquire  whether  the  movements  gave  indications 
of  well-marked  vertical  components.  The  answer  is  in  the  affirma¬ 
tive,  though  such  components  were  not  often  manifested  conspicu¬ 
ously.  Perhaps  the  most  striking  instance  is  to  be  found  in  the 
report  of  Mr.  A.  de  Caradeuc,  chief  engineer  of  the  South  Carolina 
Railway.  In  the  yard  of  this  railroad,  on  Shepard  street,  is  a  large 
shed  for  the  protection  of  the  passenger  coaches,  the  roof  of  which 
is  upheld  by  posts  12  feet  apart.  Each  post  rests  upon  a  brick  pier, 
sunk  into  the  ground  and  capped  by  a  cast-iron  cap,  in  the  center  of 
which  is  a  hole  one  and  three-fourths  inches  in  diameter  and  six 
inches  deep.  An  iron  dowel  pin  let  into  the  foot  of  the  post  enters 
this  hole  to  the  depth  of  six  inches.  In  several  instances  the  posts 
had  been  lifted  sufficiently  to  draw  the  dowels  entirely  out  of  the 
holes  and  leave  the  pins  resting  upon  the  iron  caps. 

This  has  been  supposed  by  many  to  indicate  that  the  shed  had 
been  projected  upward  with  force  sufficient  to  lift  portions  from  the 
ground;  an  explanation  which  is  not  only  improbable  but  uncalled 
for.  The  tower  of  St.  Michael’s  Church,  as  described  by  Dr.  Mani- 
gault,  was  found  to  have  settled  into  the  ground  nearly  a  foot,  and 
the  floor  within  the  tower  was  bulged  up  considerably.  This,  too, 
has  been  supposed  to  have  resulted  from  repeated  upward  blows  of 
great  violence.  The  real  explanation  of  these  phenomena,  I  con¬ 
ceive,  will  be  found  in  those  surface  waves  which  were  set  in  motion 
by  the  earthquake  in  which  one  component  of  motion  is  vertical. 

Many  persons  have  testified  that  they  both  felt  and  saw  the  floors 
of  their  rooms  heave  and  tilt  and  felt  themselves  raised  and  lowered 
as  the  waves  passed  under  them.  These  statements  are  borne  out 
by  the  following  incidents: 

Some  of  the  houses  have  beneath  them  shallow  cisterns  holding  a 
supply  of  rain  water,  and  during  the  earthquake  the  water  was  tilted 
out  of  them  and  poured  over  the  adjoining  ground. 

Very  many  persons  have  asserted  that  they  saw  waves  moving 
along  the  surface  of  the  ground  and  resembling  in  form  and  motion 
the  waves  of  the  sea.  As  the  phenomenon  is  a  remarkable  one, 
though  asserted  in  almost  every  great  earthquake,  it  seems  proper 
to  give  some  of  this  testimony  in  detail.  Mr.  McKinley,  in  his  nar¬ 
rative,  gives  the  statements  of  Captain  Jervey,  who  was  favorably 
situated  for  observing  the  phenomenon.1 


1  Charleston  Year  Book,  1886-’87. 
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On  Tuesday  night,  August  31,  Captain  Jervey  was  at  his  home, 
sitting  upon  the  piazza  of  his  house,  when  the  great  shock  occurred. 
The  door  of  the  piazza  is  about  twelve  feet  above  the  ground.  The 
house  fronts  towards  the  south  and  a  street  lamp  was  brightly 
burning  directly  across  the  way  and  lighting  up  a  considerable 
space  around  it. 

Captain  Jervey  distinctly  heard  the  roar  of  the  earthquake  coming 
from  the  northwest,  and  ‘  ‘  heard  also  the  cries  of  the  frightened  peo¬ 
ple  at  a  distance  in  that  direction  before  feeling  the  slightest  mo¬ 
tion.”  The  sound,  when  first  noticed,  resembled  that  of  a  squall  at 
sea,  and  was  thought  for  a  moment  to  indicate  the  approach  of  a 
tornado.  Immediately  afterward  the  tremor  of  the  building  began 
to  be  felt,  and,  as  it  increased  with  the  increasing  sound,  Captain 
Jervey  at  once  understood  its  character,  and  called  to  his  wife  not  to 
rise  from  her  bed,  “as  that  was  the  safest  place.” 

He  had  risen  from  his  seat  before  the  tremor  reached  his  position, 
and  having  turned  in  that  direction,  plainly  saw  the  northwest  cor¬ 
ner  of  the  house  first  rising  as  the  disturbance  increased.  As  the 
wave  passed  under  it,  the  southeast  corner  was  lifted  in  turn,  and 
after  that  “the  house  was  kept  in  a  regular  rocking  motion,  like  an 
old  flatboat  in  a  chop  sea.”  This  motion  continued  through  about 
half  the  period  of  the  disturbance,  and  was  immediately  succeeded 
by  a  lateral  shaking  motion  along  an  east  and  west  line,  which  was 
suddenly  communicated  to  the  house  before  its  rocking  motion 
ceased,  and  was  as  violent  as  the  vertical  motion  itself.  The  prog¬ 
ress  of  the  waves  as  they  passed  the  house,  going  towards  the  south¬ 
east,  was  plainly  observed,  although  they  traveled  with  incompara¬ 
ble  swiftness.  The  shadow  of  each  moving  ridge  cast  from  the  gas 
light  was  distinctly  seen. 1  The  waves  were  not  in  long  rollers,  but 
had  rather  the  appearance  of  “ground  swells”  in  deep  water.  The 
apparent  height  of  these  swells,  from  the  level  of  the  trough  to 
the  level  of  the  crest,  was  “not  less  than  two  feet;”  the  rise  of  the 
corners  of  the  house  in  the  first  instance  corresponding  with  this  es¬ 
timate.  The  subsequent  continued  motions  of  the  building  neces¬ 
sarily  rendered  further  comparisons  of  level  impracticable. 

Some  very  important  testimony  as  to  the  height  and  direction  of 
the  earth  waves  on  the  night  of  August  31  is  given  by  Dr.  F.  L. 
Parker,  a  prominent  physician  of  Charleston,  who  was  on  Tradd 
street,  between  Greenhill  and  Logan  streets,  when  the  first  shock 
occurred.  Dr.  Parker  says: 

I  had  just  readied  a  point  on  Tradd  street  opposite  Mr.  Lewis  F.  Robertson’s  gar¬ 
den  gate  when  I  heard  a  roaring  sound,  apparently  in  the  direction  of  James  Island 
Cut,  which  was  southwest  of  where  I  stood.  I  made  up  my  mind  that  a  cyclone 

1  This  statement  seems  to  need  further  explanation.  It  may  perhaps  be  a  mis¬ 
taken  impression ,  derived  from  the  apparent  movements  of  shadows  of  other  objects 
projected  upon  the  moving  ground. 
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was  coming,  and  instinctively  turned  towards  the  direction  indicated,  confidently 
expecting  to  see  the  air  filled  with  the  flying  debris  from  James  Island.  Seeing 
that  the  sky  was  perfectly  clear,  I  stood  awaiting  developments,  when  I  heard 
another  and  louder  roar  coming  from  the  northwest.  I  then  began  to  feel  the  vibra¬ 
tions  of  the  earth  very  distinctly,  and  realized  that  they  were  produced  by  an  earth¬ 
quake.  From  that  instant  the  vibrations  increased  rapidly  and  the  ground  began 
to  undulate  like  a  sea.  The  street  was  well  lighted,  having  three  gas  lamps  within 
a  distance  of  200  feet,  and  I  could  see  the  earth  waves  as  they  passed  as  distinctly 
as  I  have  a  thousand  times  seen  the  waves  roll  along  Sullivan’s  Island  beach.  The 
first  wave  came  from  the  southwest,  and  as  I  attempted  to  make  my  way  towards 
my  house,  about  one  hundred  yards  off,  I  was  borne  irresistibly  across  from  the 
south  side  to  the  north  side  of  the  street.  The  waves  seemed  then  to  come  from 
both  the  southwest  and  northwest  and  crossed  the  street  diagonally,  intersecting  each 
other,  and  lifting  me  up  and  letting  me  down  as  if  I  were  standing  on  a  chop  sea. 

I  could  see  perfectly  and  made  careful  observations,  and  I  estimate  that  the  waves 
were  at  least  two  feet  in  height.  In  order  to  make  my  way  along  the  street  I  had 
to  tack,  so  to  speak,  from  one  side  to  the  other,  frequently  being  compelled  to  stop 
and  hold  on  to  something  to  keep  from  being  thrown  down.  My  progress  along  the 
street  was  similar  to  that  of  a  person  in  a  rapidly  moving  railway  car  who  tries  to 
walk  from  one  end  of  the  car  to  the  other.  When  I  had  reached  a  point  in  front 
of  Dr.  Fraser’s  residence  I  saw  the  high  brick  wall  between  his  house  and  the  house 
of  Mr.  Parker  Ravenel  reeling  from  west  to  east,  and  am  sure  that  it  leaned  over 
at  times  as  much  as  forty  to  forty-five  degrees  from  the  perpendicular.  At  this  mo¬ 
ment  one  of  the  chimneys  of  the  house  on  the  opposite  side  of  the  street  came  crash¬ 
ing  down  in  front  of  me.  The  greatest  violence  of  the  shock  was  over  before  I 
reached  my  house. 

Mr.  A.  M.  Lee,  who  resides  just  opposite  the  point  where  Dr.  Par¬ 
ker  first  heard  the  roar,  states  that  he  also  distinctly  heard  the  first 
roar  come  from  the  southwest,  and  a  moment  or  two  later  heard 
another  and  louder  roar  coming  apparently  from  the  northwest. 

The  following  extracts  from  notes  made  by  him  soon  after  the 
shock  of  August  31  have  been  kindly  supplied  by  Mr.  J.  K.  Black¬ 
man,  of  Charleston: 

I  furnish  with  pleasure,  at  your  request,  the  following  notes  of  some  striking  in¬ 
cidents  which  came  under  my  observation  at  the  time  of  the  great  earthquake  of 
August  31  and  on  the  following  afternoon.  I  have  been  very  careful  in  the  state¬ 
ment  of  facts,  and  have  confined  myself  to  particulars  which  I  can  personally  vouch 
for. 

At  the  time  of  the  shock  I  was  standing  in  an  upper  room  of  my  house,  a  frame 
dwelling,  at  5  Logan  street.  The  night  being  oppressively  warm  and  close,  all  the 
windows  and  doors  of  the  house  were  wide  open.  Everything  without  was  as  still 
as  death.  The  first  intimation  I  had  of  the  shock  was  the  shaking  of  the  mirror 
on  a  bureau  which  stood  against  the  south  wall  of  the  room.  I  next  felt  the  quick 
vertical  movement  of  the  house,  and  am  satisfied  that  it  was  at  least  five  or  six 
seconds  before  I  heard  the  roar  and  felt  the  house  begin  to  rock  violently — from 
northwest  to  southeast.  I  observed  at  the  time,  and  also  during  subsequent  shocks, 
that  this  rocking,  swaying  motion  struck  the  northwest  corner  of  the  house  first, 
and  always  succeeded  the  vertical  vibration  by  a  few  seconds,  the  interval  varying 
with  the  violence  of  the  disturbance.  After  the  first  few  seconds  it  was  impossible 
to  fix  accurately  the  direction  of  the  swaying  motion.  The  house  is  65  feet  long, 
running  due  east  and  west,  and  as  the  wave  seemed  to  strike  the  building  on  the 
western  end,  at  an  angle  diverging  to  the  north,  a  wrenching  motion  was  produced, 
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which  caused  the  building  to  oscillate  both  northeast  and  southwest,  as  well  as  to 
assume  a  rotary  motion,  the  resultant  of  the  other  two  and  conflicting  motions.  I 
had  neither  the  means  nor  the  inclination  to  make  exact  observations  during  the 
progress  of  the  great  shock,  but  from  notes  recorded  the  next  day  and  during  the 
week  ensuing,  when  every  incident  was  painfully  impressed  upon  my  mind,  I  have 
selected  the  following  memoranda: 

I  made  some  effort  during  the  night  to  observe,  if  possible,  the  movement  of  the 
earth  waves;  but,  as  each  successive  shock  came,  I  found  my  attention  engaged  by 
other  matters,  and  it  was  not  until  5  o’clock  the  next  afternoon  that  I  accomplished 
my  object.  The  shock  at  5  o’clock  Wednesday  afternoon  was  probably  the  most 
severe  of  those  that  succeeded  the  great  shock  during  the  month  of  September.  I 
was  standing  at  the  corner  of  Tradd  and  Legare  streets  when  I  heard  the  prelim¬ 
inary  roar,  and  determined  to  make  the  desired  observation  at  all  hazards.  Tradd 
street  is  paved  with  Belgian  blocks,  and  when  the  movement  of  the  earth  began  I 
was  standing  in  the  center  of  the  roadway.  After  the  first  vertical  tremor  had 
passed,  and  while  I  was  being  swayed  to  and  fro  by  the  succeeding  horizontal 
movement,  I  distinctly  saw  four  or  five  separate  waves  pass  across  Tradd  street 
from  the  northeast  to  the  southwest.  As  nearly  as  I  can  estimate  the  width  of  the 
several  waves,  they  were  about  as  wide  as  the  roadway  between  the  sidewalks;  as 
to  their  height,  I  would  not  like  to  venture  an  estimate,  but  each  seemed  to  be  at 
least  a  foot  high,  and  was  certainly  high  enough  to  be  plainly  seen.  Had  Tradd 
street  been  under  water,,  and  had  I  been  standing  in  a  boat  on  its  surface,  the  mo¬ 
tion  communicated  to  my  body  by  the  passing  swells  could  not  have  been  more 
plainly  felt,  nor  could  the  waves  have  been  more  plainly  seen.  The  waves  traveled 
at  a  very  high  rate  of  speed,  and  followed  each  other  almost  simultaneously  [sic]. 
Although  I  experienced  a  very  large  number  of  shocks,  the  shock  of  Wednesday 
afternoon,  September  1,  was  the  only  one  during  which  I  could  distinctly  see  the 
waves  of  motion. 

The  visible  waves,  like  those  upon  the  surface  of  a  body  of  water, 
if  real,  constitute  a  phenomenon  for  which  there  is  no  adequate 
theory.  They  are  truly  mysterious,  and  the  scientific  inquirer  has  no 
liking  for  a  mystery.  In  every  great  earthquake  events  have  been 
described  which  amaze  and  perplex  us  until  we  recall  how  utterly 
unreliable  are  the  statements  of  people  indescribing  what  they  saw 
and  felt  amid  the  terrible  excitement  and  consternation  of  an  event 
so  appalling;  and  then  the  impulse  is  to  dismiss  them  as  optical  illu¬ 
sions  or  mental  delusions  on  the  part  of  the  witness.  But  the  asser¬ 
tion  that  there  were  visible  surface  undulations  somehow  refuses  to 
stay  dismissed,  and  comes  back  after  nearly  every  great  earthquake 
like  a  ghost  to  haunt  us.  The  evidence  in  support  of  their  reality  is 
vast,  cumulative,  concordant,  and  free  from  the  suspicion  of  collu¬ 
sion.*  The  witnesses  are  men  whose  “reputations  for  truth  and 
veracity  stand  high  in  the  neighborhoods  where  they  reside.”  We 
must  deal  with  this  testimony  just  as  we  would  with  that  attesting 
any  other  strange  phenomenon.  Assertions  which  agree  with  our 
common  experiences  we  accept  readily  as  soon  as  we  are  satisfied  of 
the  character  and  capacity  of  the  witness.  But  the  assertion  of  a 
strange  thing  is  compelled  to  bear  a  heavy  burden  of  proof.  It 
seems  to  me  that  in  the  present  case  we  must  admit  the  general 
testimony  that  true  gravity  waves,  wholly  distinct  from  the  elastic 
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waves  which  constitute  the  true  earthquake  shocks,  traverse  the 
surface  of  the  earth  in  some  localities,  and  under  conditions  of  the 
soil  and  surface  strata  which  are  favorable  to  their  propagation. 
This  kind  of  wave  is  peculiar  to  liquids,  and  is  inconsistent  with  a 
medium  possessing  a  high  degree  of  rigidity.  But  if  the  medium  be 
a  viscous  one,  then  their  possibility  is  admissible;  still,  however,  sub¬ 
ject  to  restrictions  depending  upon  the  degree  of  viscosity.  When 
it  approaches  the  solid  condition,  a  wave,  even  if  it  could  be  started, 
would  very  quickly— almost  instantly — die  out  through  the  absorp¬ 
tion  and  transformation  of  its  motion  into  the  work  of  overcoming 
molecular  friction.  In  proportion  as  the  viscosity  approaches  the 
liquid  condition,  in  that  proportion  is  maintenance  of  the  motion  of 
a  gravity  wave  possible.  As  Charleston  and  the  country  round 
about  are  underlain  by  numerous  beds  of  highly  mobile  quicksand, 
and  no  consolidated  rocks  are  near  the  surface,  it  is  conceivable  that 
the  viscosity  approaches  much  nearer  to  liquidity  than  to  rigidity, 
and  thus  a  limited  extent  of  propagation  of  gravity  waves  near  the 
surface  might  be  accounted  for.  The  difficulty  of  accounting  for 
the  origin  of  such  waves  is  much  greater. 

If  we  admit  the  occurrence  of  such  waves,  we  may  find  in  them  the 
explanation  of  numerous  phenomena.  They  would  explain  the  ver¬ 
tical  movements,  the  large  amount  of  swaying  in  some  buildings, 
and  especially  the  opening  of  cracks  in  ground  through  which  water 
and  sand  were  outpoured.  They  would  explain  the  spouting  of 
wells  which  was  reported  in  many  places.  They  would  also  explain 
those  manifold  phenomena  which  indicate  that  the  surface  soil  has 
been  subjected  to  a  great  amount  of  distortion— pulling,  twisting, 
and  squeezing. 

It  may  be  of  interest  in  this  connection  to  refer  to  the  accounts  of 
the  New  Madrid  earthquake  of  1811-T2,  where  those  who  experienced 
its  greatest  violence  in  the  epicentral  tract  with  one  accord  speak  of 
the  immense  visible  waves  which  were  seen  to  roll  swiftly  along  the 
surface  of  the  ground,  opening  in  wide  cracks  upon  the  crests,  which 
shut  together  in  the  troughs,  the  trees  swaying  at  large  angles  and 
interlocking  their  boughs  as  these  waves  passed  under  them. 

One  of  the  most  interesting  but  most  difficult  questions  in  every 
great  earthquake  relates  to  the  amplitude  of  motion.  This  quantity 
has  never  been  measured  exce])t  either  in  quakes  of  small  energy 
or  in  localities  remote  from  the  center  of  disturbance.  In  those 
localities  where  the  energy  is  of  a  highly  destructive  degree  no  instru¬ 
mental  results  have  ever  been  obtained,  and  it  is  probable  that  the 
amplitudes  in  such  cases  often  exceed  the  capacity  of  the  standard 
seismographs  to  record  them.  This  will  be  discussed  more  at  length 
in  a  subsequent  part  of  this  work.  Direct  indications  of  the  ampli¬ 
tude  of  motion  at  Charleston  are  not  numerous.  Two  facts  have 
already  been  cited  which  seem  difficult  to  account  for  without  the 
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assumption  of  an  amplitude  of  nearly  or  quite  a  foot.  One  is  the 
well  of  the  great  gasholder  at  the  city  gas  works,  where  a  circular 
wall  of  masonry  128  feet  in  diameter  displaced  the  retaining  earth 
eight  inches  on  one  side  and  two  inches  on  the  opposite  side.  The 
other  is  the  warehouse  of  the  South  Carolina  Railway,  which  was 
bodily  displaced  eight  feet  nine  inches.  The  latter  displacement  must 
necessarily  be  regarded  as  the  cumulative  effect  of  a  number  of  im¬ 
pulses,  but  it  seems  as  though  each  impulse  must  have  had  a  very 
considerable  amplitude;  how  much  it  is  impossible  to  say.  With 
regard  to  the  displaced  gasholder,  it  is  very  difficult  to  understand 
how  the  amplitude  could  have  been  less  than  the  total  displacement 
of  the  retaining  earth,  however  numerous  the  individual  waves  may 
have  been,  and  the  occurrence  appears  to  demand  an  amplitude  even 
greater  than  this  displacement. 

On  the  other  hand,  so  great  an  amplitude  may  be  a  merely  local 
manifestation,  exceeding  greatly  the  average  for  the  city.  How  great 
that  average  may  be  there  is  no  means  of  knowing.  In  a  subse¬ 
quent  chapter  considerations  will  be  brought  forward  in  favor  of  the 
view  that  a  mean  amplitude  of  three  or  four  inches  is  not  an  excess¬ 
ive  estimate. 


CHAPTER  III. 

THE  EPICENTRAL  TRACTS. 


The  village  of  Summerville  lies  22  miles  northwest  of  Charleston, 
on  the  South  Carolina  Railway.  It  contains  about  two  thousand 
people,  many  of  whom  have  their  daily  occupations  in  Charleston. 
About  8  o’clock  on  the  morning  of  August  27,  1886,  the  people  of, 
this  village  were  startled  by  what  seemed  to  be  an  explosion.  Some 
thought  a  heavy  cannon  or  blast  of  gunpowder  had  been  fired. 
Others  imagined  the  explosion  of  a  locomotive  or  the  boiler  of  some 
of  the  phosphate  works  on  the  banks  of  neighboring  rivers.  The 
sound  and  the  shock,  which  were  sudden  and  simultaneous,  con¬ 
veyed  to  every  one  an  idea  of  nearness  of  the  originating  cause. 
But  no  cause  was  visible.  There  were  no  cannon  and  there  was  no 
gunpowder  used  for  blasting  in  the  neighborhood;  and  the  phosphate 
works  were  several  miles  away;  yet  the  sound  seemed  very  near. 


Fig.  9.  Wrecked  house  at  Summerville. 

Those  within  their  houses  ran  out,  expecting  to  find  the  cause  of  the 
disturbance  in  their  door  yards;  those  already  without  looked  before 
and  behind,  to  right  and  to  left,  expecting  to  find  the  explanation 
a  little  way  off.  The  sound  was  loud,  sudden,  and  startling.  The 
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shock  was  a  single  jolt  or  heavy  jar.  In  a  moment  all  was  quiet. 
Neighbor  questioned  neighbor,  but  only  to  have  his  question  tossed 
back.  Some  one  suggested  an  earthquake.  They  had  read  of  them, 
but  nothing  they  had  read  of  seemed  to  correspond  to  the  phenome¬ 
non  just  experienced.  It  was  the  talk  of  the  day  and  evening,  and 
people  went  to  bed  thinking  that  the  morning  papers  would  bring  an 
account  of  some  occurrence  which  would  fully  explain  the  mystery. 


Fig.  10.  A  wrecked  dwelling. 

t 

Near  5  o’clock  on  the  morning  of  the  28th  the  people  were  aroused 
by  a  repetition  of  the  occurrence  with  more  vigor  than  before. 
Sleepers  were  abruptly  wakened,  and  those  awake  were  startled 
and  alarmed.  This  time  opinion  took  more  definite  shape.  Those 
who  were  skeptical  before  were  inclined  to  believe  it  was  an  earth¬ 
quake.  This  belief  gathered  strength  during  the  day  and  grew  into 
conviction  upon  the  day  following  through  the  occurrence  of  light 
tremors,  some  accompanied  by  sounds,  others  passing  in  silence. 
During  the  30th  and  during  the  daytime  of  the  31st  all  was  quiet, 
and  the  manifestations  seemed  to  have  ceased  entirely.  The  Charles¬ 
ton  papers  had  published  reports  of  them,  but  had  treated  them  with 
levity.  These  reports  were  telegraphed  over  the  country,  but  the 
accounts  of  them  were  of  so  unusual  and  perplexing  a  character,  that 
they  gave  only  the  impression  that  some  trifling  commonplace  event 
had  been  transformed  by  fertile  imaginations  into  an  earthquake. 
In  Charleston  nothing  uncommon  had  been  noticed,  though  after¬ 
wards  some  people  averred  that  they  had  felt  a  slight  jar  or  tremor  at 
about  the  same  time  as  the  first  preliminary  shock  at  Summerville. 
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On  the  evening  of  August  31  came  the  catastrophe.  It  broke  upon 
the  village  not  as  a  crescendo,  but  in  full  force.  At  the  first  impulse, 
before  people  had  time  to  realize  what  was  happening,  they  were 
tossed  from  side  to  side,  or  fiung  to  the  ground,  from  which  they 
could  not  rise.  For  a  few  moments  it  was  impossible  to  stand  or 
walk.  Most  of  the  people  were  within  doors.  First  one  corner  or 
side  of  the  house  was  violently  raised  or  knocked  up,  then  another 
corner  or  side.  The  structure  seemed  to  dance  up  and  down  from 
the  effects  of  rapid  and  powerful  blows  beneath  it.  The  floors  and 
ceilings  were  warped  and  twisted;  the  timbers  groaned  and  crackled; 
the  chimneys,  crushed  at  their  bases,  sank  downward,  carrying  fire¬ 
places,  mantels,  and  hearthstones  through  the  floors  to  the  ground 
below.  Several  declared  that  it  seemed  as  if  the  houses  were  gallop¬ 
ing  madly  down-hill.  Among  the  many  well  written  accounts  of 
these  events  at  Summerville  the  following  may  be  selected  as  an 
example.  It  was  written  by  Mr.  Thomas  Turner,  president  of  the 
Charleston  Gas  Light  Company. 

I  arrived  home  from  my  business  in  town  about  7  p.  m.  on  the  31st  of  August, 
and  having  dined,  I  spent  a  very  pleasant  evening  with  my  family  up  to  9.30  p.  m. , 
when  I  left  the  house,  the  members  of  my  family  retiring  to  their  rooms.  The 
evening  had  been  unusually  sultry,  but  clear,  and  beautifully  starlight.  I  had  been 
out  in  the  garden  admiring  the  beauty  of  the  evening  and  was  entering  the  door  of 
the  hall  of  my  house,  when,  without  any  rumble  or  warning,  the  floor  seemed  to  sink 
under  me.  I  seized  the  door  jambs  to  steady  myself,  when  the  floor  seemed  to  go 
down  in  front  of  me  at  an  angle  of  twenty -five  or  thirty  degrees.  It  was  so  sudden 
and  unexpected,  that  I  was  thrown  forward  into  the  hall  about  ten  feet  and  as 
quickly  thrown  backwards,  and  before  I  could  fall  upon  the  piazza  I  was  again 
thrown  forward  into  the  house.  At  this  moment  I  observed  my  sister-in-law  crawl¬ 
ing  on  all  fours,  she  having  been  thrown  from  the  door  of  her  chamber,  which  she 
was  just  entering,  into  the  middle  of  the  sitting  room.  Amidst  the  rolling  and  rocking 
of  the  building  she  managed  to  reach  the  hall,  but  was  unable  to  regain  her  feet.  At 
this  moment  we  observed  the  upper  part  of  a  lamp,  which  had  been  jerked  off  its 
stand,  to  fall  upon  the  floor  and  burst.  The  oil  took  fire,  and  amidst  the  roaring  and 
violent  motion  of  the  house,  we  succeeded  in  extinguishing  it  with  pieces  of  carpet 
and  rugs.  Immediately  after  we  received  another  shock,  which  threw  us  from  side 
to  side  of  the  hall.  Having  gotten  the  members  of  my  family  together,  and  sup¬ 
porting  my  niece,  who  was  in  a  fainting  condition,  we  endeavored  to  leave  the  house 
amidst  the  crash  of  falling  chimneys  and  plaster  ;  but  at  every  attempt  to  reach  the 
door  we  were  hurled  backward  and  forward  and  from  side  to  side,  as  if  we  had  been 
in  the  gangway  of  a  steamer  in  a  heavy  cross  sea.  After  some  delay  we  reached 
the  garden.  I  then  returned  to  get  wraps  and  chairs  for  the  ladies  and  again  ex¬ 
perienced  severe  shocks  and  rumblings.  These  were  repeated  at  intervals  of  several 
minutes  during  the  night,  but  were  not  of  so  violent  a  nature,  although  the  earth 
waves  were  very  perceptible  and  several  times  upset  a  small  lantern  placed  on 
the  ground. 

On  examining  the  house  we  found  that  the  hearths  and  fireplaces  had  been 
shaken  out  and  had  gone  down  under  the  building,  carrying  fenders  and  fireirons 
with  them.  The  two  chimneys  had  been  overthrown — one  to  the  southwest,  the 
other  to  the  northeast.  The  house  had  been  moved,  and  the  piles  on  which  it  rested 
careened  over  thirteen  inches  in  a  northeasterly  direction.  The  main  chimney 
seemed  to  have  crumbled  at  its  base,  the  main  body  of  it  sliding  down  and  driving 
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the  mantels  into  the  middle  of  the  floor.  As  we  considered  the  house  too  dangerous 
to  occupy,  my  family  camped  in  the  garden  for  several  nights. 

Tlie  night  of  August  31-September  1  was  passed  by  the  people  of 
Summerville  in  the  open  air.  The  blacks,  overcome  with  terror  and 
bewildered  by  a  power  so  vast,  so  mysterious,  and  so  strange,  gave 
themselves  up  to  prayers  and  wailings,  which  alone  would  have 
rendered  the  niglit  hideous  enough;  the  white  people,  deeply  awed 
and  impressed,  met  the  terrors  of  the  darkness  with  the  fortitude 
which  they  had  so  signally  proven  on  former  occasions.  The  great 
shock  was  followed  in  the  course  of  eight  or  ten  minutes  by  another 
of  great  power,  but  inferior  in  force  to  the  first.  Throughout  the 
night  many  minor  ones  were  felt.  The  peculiar  characteristic  of  all 
of  them  was  the  deep,  solemn,  powerful  boom,  like  the  report  of  a 
heavy  cannon,  usually  accompanied  by  a  quick,  short  jar.  Some¬ 
times  it  was  prolonged  into  a  heavy  roar  or  rumble,  as  if  many  re¬ 
ports  were  delivered  in  a  volley.  The  number  of  these  was  never 
recorded. 


Fig.  11.  Plan  of  the  Hastie  House,  at  Summerville. 

When  daylight  came  and  an  examination  of  the  houses  was  made 
the  damage  was  found  to  be  great.  The  houses  here  are  all  built  of 
wood,  and  stand  either  upon  posts  driven  into  the  ground  or  upon 
9  geol - 18 
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brick  piers,  wliicli  raise  the  first  floor  of  the  house  from  4  to  G  feet 
above  the  soil.  It  seems  as  if  such  a  construction,  subject  to  a  power¬ 
ful  earthquake,  in  which  any  considerable  horizontal  motion  of  the 
ground  might  occur,  would  trip  the  under -pinning  at  the  first  lateral 
impulse  and  allow  the  structure  to  fall  bodily.  In  a  few  cases  it  did 
so.  Eight  houses  suffered  in  this  way  and  were  badly  wrecked.  But 
the  great  majority  of  them,  though  moved  upon  their  supporting 
piers,  did  not  fall.  The  energy  of  the  earthquake  was  expended  in 
effects  of  another  kind;  for  the  direction  of  its  impulses  was  nearer 
the  vertical  than  the  horizontal.  The  brick  piers  were  found  to  be 
more  or  less  disintegrated,  as  if  pounded;  while  the  wooden  ones  were 
driven  deeper  into  the  soil,  as  if  they  had  been  hammered  by  a  pile- 
driver.  Many  of  them  were  inclined,  though  still  supporting  the 
houses.  An  illustration  of  the  structure  of  these  buildings  with 
their  supporting  piers  and  of  the  effects  of  the  earthquake  upon  them 
is  given  by  Mr.  McGee  (Figs.  11-15).  The  injuries  to  chimneys  were 
also  very  characteristic.  The  portions  projecting  above  the  roofs 
were  generally  dislodged  and  thrown  to  the  earth;  sometimes  they 
were  hurled  to  considerable  distances;  but  in  many  cases,  instead  of 
being  snapped  off  clean  by  a  horizontal  fracture,  were  broken  along  a 
highly  inclined  plane,  as  if  sheared,  and  fell  easily  to  the  ground. 
There  was  a  marked  tendency  to  fall  in  a  northwestern  and  southeast¬ 
ern  direction,  but  instances  could  be  found  of  chimneys  falling  in  al¬ 
most  any  direction.  The  most  striking  effects,  however,  were  upon 
the  main  bodies  of  the  chimneys  below  the  roofs.  All  of  them 
showed  signs  of  severe  usage,  and  a  very  large  number  of  them  were 
crushed  at  their  bases;  the  bricks  as  well  as  the  mortar  being  disinte¬ 
grated  and  shattered,  allowing  the  whole  column  to  sink  down,  carry¬ 
ing  fire-places,  mantels,  and  hearthstones  with  it  through  the  floors. 
All  this  indicates  a  direction  of  motion  more  nearly  vertical  than 
horizontal.  Yet  the  effects  of  horizontal  motion  were  by  no  means 
small. 

Mr.  W  J  McGee,  of  the  Geological  Survey,  who  visited  Summer¬ 
ville  on  September  3  and  4,  says  in  his  notes: 

Perhaps  three-fourths  of  the  chimneys  in  the  town  have  been  displaced,  and  per¬ 
haps  three-fourths  of  these  have  been  thrown  either  to  the  north  or  south.  Fissures 
were  common  and  extensive  and  considerable  streams  of  water  flowed  from  them. 
In  some  fields  in  the  vicinity  of  Summerville  one-quarter  of  the  surface  has  been 
flooded  by  water  and  is  covered  by  films  of  yellow  or  blue  sand  ;  and  in  some 
cases  long  lilies  of  little  hillocks  of  sand  brought  up  from  the  fissures,  extending  in 
various  directions,  dot  the  fields  from  side  to  side  at  intervals  of  15  or  20  yards.  It 
was  immediately  observed  on  reaching  Summerville  that  the  direction  of  destruc¬ 
tive  motion  was  vertical  rather  than  horizontal ;  that  the  chimneys  seldom  appeared 
to  have  been  thrown,  but  to  have  been  simply  crushed  and  then  to  have  toppled  over. 
Examples  will  be  noted  further  on.  The  Episcopal  church,  in  the  southwestern  part 
of  the  town,  a  wooden  structure  30  by  50  feet,  resting  on  thirty-six  brick  piers,  each 
two  and  a  half  feet  square  and  four  feet  high,  fronting  N.  70°  E.,  has  been  displaced 
northward  two  and  a  half  inches  at  the  west  end  and  one  and  three-quarters  inches 
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in  the  middle  and  one  inch  at  the  east  end.  This  northward  displacement  of  the 
church  has  not  carried  with  it  any  of  the  nine  pillars  under  the  south  wall,  but  one 
•or  two  of  the  pillars  under  the  north  wall  and  several  of  those  beneath  the  church 
have  partaken  of  its  movement.  Several  of  the  pillars,  however,  exhibit  crushing 
at  their  summits,  and  a  few  have  oblique  fissures  through  them,  extending  from  the 
south  obliquely  downward  to  the  north.  The  crushing  is  more  pronounced  in  the 
pillars  beneath  the  four  corners,  and  is  nil  in  many  of  them  beneath  the  floor  and 
under  the  front  of  the  light  wooden  portico. 

The  houses  in  Summerville  are  of  wood,  and  supported  on  pillars  either  of  wood 
or  brick,  five  to  seven  feet  in  height;  the  chimneys  being  generally  independently 
supported  by  arches  or  piers  built  up  from  the  ground.  The  main  building  is  com¬ 
monly  surrounded,  partially  or  wholly,  by  a  piazza  supported  on  columns  like  those 
beneath  the  house,  but  usually  more  slender.  This  description  applies  to  Colonel 
Gregg’s # house,  the  injuries  to  which  will  be  fully  described,  as  they  may  be  re-, 
garded  as  representative  of  what  happened  to  many  others.  The  building  has 
piazzas  on  the  west,  south,  and  east,  and  a  shed-roof  or  lean-to  on  the  north.  The 
pillars  of  the  main  building  and  piazza  are  of  brick,  but  those  under  the  lean-to  are 
round  logs  10  to  12  inches  in  diameter.  Two  large  chimneys  in  the  main  building 
are  independent.  The  whole  building  has  been  displaced  one  or  two  inches  to  the 
northward.  The  west  end  has  moved  on  the  piers,  while  the  east  end  has  carried 
the  piers  with  it,  and  they  are  now  inclined  two  inches  from  the  vertical.  All  of 
the  piers  under  the  heavier  portions  of  the  house,  and  particularly  the  corner-posts, 
are  crushed  at  their  summits,  driven  perceptibly  into  the  ground  and  fissured  ob¬ 
liquely,  and  several  of  them  have  fallen.  The  piers  beneath  the  piazza  and  some 
of  those  beneath  the  floor  are  but  slightly  injured,  and  at  the  time  of  examination 
supported  the  weight  of  the  house.  The  portions  of  both  chimneys  which  projected 
above  the  roof  were  thrown  northward  and  both  crashed  through  the  roof  of  the 
shed  and  one  of  them  through  its  floor,  a  section  of  the  chimney  four  feet  long 
standing  upright  but  in  reversed  attitude  on  the  ground  beneath  the  house.  The 
projecting  part  of  the  other  chimney  was  completely  shattered.  The  basal  portion 
of  one  of  the  chimneys  is  crushed,  intersected  by  oblique  cracks,  and  is  spread  lat¬ 
erally  five  or  six  inches.  The  basal  portion  of  the  other  is  completely  crushed,  and 
the  entire  chimney  from  one  foot  above  the  ground  to  the  level  of  the  roof  has  col¬ 
lapsed  into  a  conical  heap  of  loose  bricks  about  the  base.  The  wooden  pillars  sup¬ 
porting  the  lean-to  are  of  sound  pine,  and  were  set  into  the  earth  to  a  depth  of  two 
or  three  feet.  The  condition  of  the  earth  about  the  bottoms  of  these  posts  indicates 
that  they  have  been  swung  in  all  directions,  compressing  the  earth  on  all  sides,  and 
finally  returning  approximately  to  their  original  positions,  leaving  an  annular  space 
between  the  post  and  the  compressed  earth  of  perhaps  an  inch  in  width.  Some  of 
the  smaller  brick  piers,  which  extend  several  inches  below  the  ground,  appear  to 
have  swung  with  the  main  building  in  like  manner,  forming  open  crevices  between 
the  brick  and  earth  on  all  sides.  Some  of  them  appear  to  have  been  driven  into  the 
earth  with  such  force  as  to  produce  a  depression  of  the  surface  for  six  inches  or  a 
foot  in  all  directions  from  them,  with  occasional  curved  concentric  fissures. 

Mr.  McGee  also  describes  the  injuries  to  the  residence  of  Mr.  W. 
S.  Hastie,  located  near  th§  center  of  the  village: 

It  is  shown  in  plan  in  Fig.  11  and  in  perspective  in  Fig.  12.  The  entire  building 
was  displaced  northward  two  inches.  In  general  the  more  slender  piers  have  gone 
over  with  the  building,  though  the  sills  are  sometimes  displaced  upon  them.  The 
structure  has  been  displaced  on  the  heavier  piers  and  the  southeast  and  northwest 
corner  piers  have  been  seriously  crushed.  Both  of  the  bay  windows  are  torn  from 
the  building  below,  and  the  piers  supporting  the  walls  at  the  junction  of  the  bay 
windows  with  the  main  building  are  crushed  and  split  from  top  to  bottom,  as  shown 


276 


THE  CHARLESTON  EARTHQUAKE. 

in  Fig.  13.  The  north  bay  window  has  been  thrust  northward  and  the  south  one  south¬ 
ward.  Several  of  the  slender  piers,  8  by  12  inches,  supporting  the  floor  of  the  house 
have  been  driven  into  the  ground,  as  represented  by  the  plan,  Fig.  14  and  section 
Fig.  1  5,  illustrating  the  depression  of  the  surface  of  the  ground  beneath  the  pier  A, 
supporting  the  sill  opposite  the  southern  bay  window.  The  piers  supporting  the 
piazza  are  but  little  injured,  but  all  those  under  the  heavier  parts  of  the  house  are 
literally  crushed,  as  if  they  had  been  subjected  to  the  action  of  a  pile-driver.  Ex¬ 
cept  in  the  uppermost  layer  of  bricks  the  crushing  is  usually  confined  to  the  mortar, 
which  is  of  inferior  quality  ;  but  in  the  uppermost  layer  the  bricks  themselves  are 
frequently  broken  and  partially  pulverized,  and  the  overlying  sills  are  pounded  and 
splintered.  The  chimneys  rising  from  the  roof  of  the  main  part  of  the  house  are 
apparently  uninjured  save  by  the  loss  of  a  few  bricks,  but  the  kitchen  chimney  lias 
been  thrown  northward,  striking  the  ground  at  a  point  12  feet  from  the  foundation 
wall;  the  roof  here  being  16  feet  high.  The  chimneys  in  the  main  building  were 
supported  on  independent  piers  built  up  from  the  ground.  These  are  so  crushed 
and  fissured  as  to  have  spread  five  or  six  inches  at  a  point  three  feet  above  the  ground 
as  imperfectly  shown  in  Fig.  13. 

One  or  two  hundred  yards  south  of  the  depot  at  Summerville  stand  two  old  chim¬ 
neys  originally  attached  to  a  wooden  house  which  had  been  destroyed  by  fire.  One 
of  these  fronts  north,  the  other  west.  They  appear  to  stand  very  insecurely.  The 
brick  is  of  ordinary  quality,  the  mortar  appears  to  be  inferior,  and  both  bricks  and 
mortar  were  injured  by  the  fire  which  destroyed  the  building.  The  one  facing  west 
leans  two  or  three  inches  to  the  westward  and  the  other  leans  still  farther.  It  seems 
as  if  one  might  push  either  over  with  one  hand.  From  testimony  of  residents  the 
altitude  of  these  chimneys  was  not  perceptibly  changed  by  the  earthquake.  Both 
of  the  chimneys  are  now  crushed,  cracked,  and  fissured  in  all  directions,  as  shown 
in  Fig.  16.  The  top  of  the  one  in  the  foreground  lias  been  displaced  southward  one 
inch  along  an  oblique  fracture  and  a  lower  segment  has  been  similarly  displaced 
northward  two  inches.  The  upper  portion  of  the  other  has  been  thrown  northward 
and  a  lower  section  partially  dislodged,  yet  there  has  been  no  other  displacement. 
Why  these  chimneys  have  not  fallen  is  one  of  the  many  mysteries  of  the  great  earth¬ 
quake. 

For  several  weeks  following  the  principal  disturbance  minor 
shocks  continued  to  he  felt  at  frequent  intervals.  Many  of  them 
would  have  been  considered  very  forcible  and  alarming  had  they  not 
been  greatly  disparaged  by  the  convulsion  of  August  31.  Almost  all 
of  them  were  accompanied  by  loud  detonations.  Mr.  McGee  thus 
describes  several  which  he  experienced. 

I  reached  Summerville  about  5  o’clock  p.  m.  Detonations  were  heard  at  intervals 
averaging  perhaps  half  an  hour.  From  that  time  until  9.30  p.  m.  occasional  and 
very  slight  spasmodic  tremors  of  an  instant’s  duration  accompanied  the  detonation. 
I  endeavored  to  determine  the  direction  from  which  the  sounds  came,  but  no  two 
individuals  agreed.  They  seemed  to  me  to  come  from  the  northwest.  They  were 
much  like,  but  somewhat  more  muflied  than  peals  of  thunder  at  a  distance  of  half 
a  mile  or  more,  or  perhaps  more  like  the  discharge  of  a  blast  in  a  mine  or  quarry  at 
a  little  distance.  It  was  my  impression  that  the  sound  was  sometimes  about  as 
grave  as  the  ear  can  perceive,  resembling  somewhat  the  tremulous  roar  sometimes 
accompanying  combustion  in  locomotives. 

Mr.  McGee  also  describes  more  powerful  shocks  which  occurred 
during  that,  night,  and  which  consisted  of  rapid  vertical  vibrations, 
accompanied  by  the  usual  roar,  as  if  from  a  rapid  succession  of 
detonations. 


Fig.  13.  The  Hastie  House  (perspective). 

as  loud  and  frequent  in  other  parts  of  that  tract  as  at  Summerville. 
In  this  village  there  was  a  much  larger  number  of  intelligent  wit¬ 
nesses  to  testify  to  the  facts  than  elsewhere,  and  it  is  hardly  possible 
to  make  a  comparison  between  localities  which  furnish  evidence  dif¬ 
fering  so  much  in  amount  and  degree  of  definiteness.  But  the  testi¬ 
mony  is  clear  that  at  Summerville  the  sounds  were  very  loud  and  of 
an  explosive  character.  They  continued  with  diminishing  frequency 
through  the  remainder  of  the  year  and  even  up  to  July  1,  1887. 

Lincolnville  is  a  small  village,  situated  between  two  and  three 
miles  southeast  of  Summerville.  It  contains  a  few  hundred  inhab¬ 
itants,  nearly  all  of  them  negroes.  It  has  several  well-built  wooden 
cottages,  and  a  larger  number  of  cabins,  the  dwellings  of  the  poorest 
class  of  blacks.  The  violence  of  the  shocks  here  was  apparently  a 
little  greater  than  at  Summerville,  though  the  difference  is  so  small 
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Although  a  roaring  sound  is  the  almost  invariable  accompaniment 
of  an  earthquake  shock  exceeding  a  very  moderate  degree  of  vigor, 
the  sounds  at  Summerville  appear  to  have  been  highly  exceptional 
and  perhaps  unprecedented.  They  were  heard  throughout  the  entire 
epicentral  tract,  though  it  is  difficult  to  determine  whether  they  were 
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that  its  existence  may  seem  doubtful.  A  larger  proportion  of  the 
buildings  were  wrecked,  and  in  some  instances  the  destruction  was 
more  thorough.  The  damages  were  for  the  most  part  of  similar  nat¬ 
ure  to  those  in  Summerville,  and  indicated  vertical  movements  of 
great  power.  A  number  of  buildings  were  moved  to  a  considerable 
distance.  One  house  which  was  wrecked  was  supported  on  wooden 
posts,  some  of  which  were  broken  off,  others  forced  down  laterally, 
while  several  retained  their  positions.  The  house  moved  ten  feet 
south  and  three  and  a  half  feet  east.  The  upper  part  of  its  chimney 
was  little  injured,  but  the  lower  part  was  crushed  into  a  pile  of 
ruins.  Two  or  three  hundred  yards  northeast  of  this  house  an¬ 
other  cottage  was  thrown  five  feet  south  and  three  feet  east.  Its 
chimney  was  collapsed  in  the  same  manner  as  the  first  one.  On  the 
other  hand,  many  cabins  and  some  cottages  escaped  serious  injury, 
but  they  all  showed  that  they  had  been  subjected  to  violent  vertical 
movement  and  also  to  horizontal  swaying.  The  piles  on  which  they 
rested  were  hammered  into  the  ground  and  the  inclosing  earth  at 
their  lower  ends  was  molded  so  as  to  leave  annular  spaces  around 
them. 

Summerville  and  Lincoln ville  are  the  only  villages  within  the  epi- 
central  tract.  The  buildings  which  occur  elsewhere  within  its  limits 
are  isolated,  and  though  the  aggregate  number  of  these  isolated  struct¬ 
ures  is  considerable,  they  are  scattered  thinly  over  a  large  area  and 
are  also  irregularly  distributed.  There  were,  however,  two  groups 
of  indications  which  were  most  instructive  and  which  greatly  sup¬ 
plemented  this  somewhat  defective  testimony.  These  were,  first,  the 
cracks  and  craterlets  rent  in  the  soil,  from  which  large  quantities 
of  water  and  sand  were  poured  forth;  and,  second,  injuries  wrought 
upon  the  railways  which  traverse  the  epicentral  tract  in  different  di¬ 
rections.  As  these  vestiges  of  the  earthquake  are  of  heterogeneous 
character  and  as  one  group  of  facts  is  but  loosely  comparable  with 
another,  some  difficulty  arises  as  to  the  order  and  methods  in  which 
they  may  be  most  instructively  presented  and  discussed.  The  follow¬ 
ing  course  has  been  decided  upon,  viz  :  To  point  out,  first,  where  the 
epicentral  tract,  or  rather  tracts — for  there  are  two  of  them — are  sit¬ 
uated;  second,  to  give  a  brief  account  of  the  craterlets;  and,  third, 
to  discuss  the  facts  as  a  whole  in  such  manner  as  shall  display  clearly 
the  variations  of  intensity  along  lines  radiating  from  the  epicentral 
points  of  the  two  tracts.  This  method  is  possibly  open  to  the  objec¬ 
tion  that  it  inverts  the  logical  order  which  is  more  commonly  pur¬ 
sued  in  scientific  reasoning.  It  first  states  the  conclusion  and  then 
the  premises.  This  method  is  a  dangerous  one,  liable  to  lead  to  bias 
and  special  pleading.  But  while  admitting  the  force  of  the  objection, 
no  other  course  has  suggested  itself  which  does  not  offer  objections 
still  more  serious,  and  the  logical  dangers  in  the  present  instance  are 
imaginary  rather  than  real.  The  advantages  of  this  method  are,  that 
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as  the  facts  are  stated  tlieir  bearing  upon  some  definite  proposition 
becomes  obvious,  and  they  are  seen  in  relation  to  each  other.  This 
gives  them  interest  and  coherence  which  would  otherwise  be  want¬ 
ing. 

A  careful  examination  of  the  ground  leaves  no  doubt  that  there 
were  two  tracts,  both  of  which  disclose  clearly  the  epicentral  charac¬ 
ters.  The  larger  and  more  important  one  is  a  nearly  circular  area, 


Fig.  13.  The  Hastie  House,  showing  piers  after  earthquake. 


whose  center  is  near  the  little  station  named  Woodstock,  on  the 
South  Carolina  Railway,  about  sixteen  miles  N.  30°  W.  of  Charles¬ 
ton.  The  smaller  tract  is  situated  almost  due  west  of  Charleston  at 
a  distance  of  13  miles.  Both  these  distances  are  measured  from  the 
intersection  of  Broad  and  Meeting  streets  in  Charleston,  but  as  an  un¬ 
certainty  of  half  a  mile  exists  in  regard  to  the  exact  locations  of  the 
epicentral  points,  the  distances  given  are  not  intended  to  be  precise. 
The  interval  between  the  two  epicentra  is  between  thirteen  and  four¬ 
teen  miles.  The  position  of  the  smaller  or  southern  epicentrum  is 
approximately  three  miles  west  of  the  bridge  by  which  the  Charles¬ 
ton  and  Savannah  Railway  crosses  Rantowle’s  Creek  and  about  a 
mile  north  of  the  railroad. 
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In  deciding  upon  the  limits  of  the  epicentral  tracts  it  must  be  re¬ 
marked  in  the  first  place  that  the  limits  must  be  arbitrary.  It  is 
well  known  that  in  all  great  earthquakes  there  is  a  comparatively 
small  area  around  the  epicentruin  where  the  effects  are  most  forcible 
and  destructive,  and  where  the  movements  of  the  ground  differ  in 
some  important  respects  from  the  movements  in  areas  more  distant. 
The  features  which  characterize  the  epicentral  shocks,  however,  are 
not  separated  by  a  hard  and  fast  boundary  from  those  of  surround¬ 
ing  regions.  As  we  proceed  along  any  line  radiating  from  the  epi- 
centrum  we  find  not  only  a  diminishing  violence,  but  a  gradual 
change  of  character.  At  first' these  changes  are  but  slight,  and  gener¬ 
ally  so  much  so  as  to  be  imperceptible.  But  at  length  the  change 
becomes  more  rapid  as  the  distance  from  the  epicentruin  increases, 
until  we  reach  a  point  where  the  decline  of  intensity  and  the  change 
of  character  become  quite  rapid  for  a  short  space.  Still  further  on 
the  decline  continues,  but  at  a  diminishing  rate.  To  make  this  more 
clear  we  may  resort  to  a  graphic  illustration. 

If  EX,  Fig.  17,  represent  a  horizontal  line  upon  the  surface  of  the 
earth  and  E  be  the  epicentruin ;  and  if  a  series  of  vertical  lines  or 
“  ordinates”  be  drawn  from  a  series  of  points  along  EX,  each  verti¬ 
cal  line  having  an  altitude  proportional  to  the  intensity  at  the  point 
at  which  it  is  erected;  and  if  the  summits  of  these  ordinates  be  con¬ 
nected  by  a  curved  line,  the  curve  thus  obtained  will  show  a  tendency 
to  conform  to  that  which  is  represented  in  the  diagram.  The  prop¬ 
erties  of  this  type-curve  are  as  follows:  Since  the  intensity  at  llie 
epicentrum  is  greater  than  elsewhere,  the  ordinate  E  A  will  be  greater 
than  any  other.  At  a  little  distance  from  E  the  intensity  will  differ 
but  little;  but  as  the  distance  from  E  increases  the  intensity  de¬ 
clines  more  and  more  rapidly.  The  rate  at  which  the  intensity  de¬ 
clines  at  any  point  is  represented  by  the  inclination  or  steepness  of 
the  curve  vertically  above  that  point.  For  a  time  this  inclination 
increases  as  we  depart  from  E  and  the  curve  grows  steeper  and 
steeper.  There  is,  however,  a  point  at  which  the  steepness  attains  a 
maximum.  Beyond  that  point  the  steepness  becomes  less  and  less. 
When  the  distance  from  E  becomes  very  great  the  inclination  of  the 
curve  becomes  very  slight;  i.  e.  the  curve  becomes  nearly  horizontal. 

It  is  obvious  that  there  is  no  point  of  the  curve  at  which  any  abrupt 
change  either  of  intensity  or  of  character  occurs.  If,  therefore,  we 
are  to  distinguish  any  epicentral  tract  apart  from  any  other  we  must 
do  so  arbitrarily.  Some  distinction  is  convenient  and  even  necessary 
for  purposes  of  discussion.  It  has  been  decided,  therefore,  to  include 
in  the  epicentral  tract  of  the  principal  focus  (whose  epicenter  is  near 
Woodstock)  a  circular  area  20  miles  in  diameter,  and  in  the  southern 
tract  an  elliptical  area  whose  axes  are  9  and  6  miles  respectively. 

Throughout  a  great  part  of  those  areas  which  will  here  be  considered 
as  the  epicentral  tracts,  and  in  considerable  areas  outside  of  them, 
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tlie  ground  was  broken  by  many  fissures,  through  which  water  was 
extravasated.  In  many  places  the  fissures  were  abundant,  but  did 
not  discharge  water.  Indeed,  the  Assuring  of  the  ground  within  cer¬ 
tain  limits  may  be  stated  to  have  been  universal,  while  the  extrava¬ 
sation  of  water  was  confined  to  certain  belts.  The  area  within  which 
these  fissures  may  be  said  to  have  been  a  conspicuous  and  an  almost 
universal  phenomenon  may  be  roughly  estimated  at  nearly  COO  square 


miles.  They  occurred  also  in  vast  numbers  outside  of  this  and  over 
a  much  greater  area,  but  with  less  continuity  and  less  frequency. 
Perhaps  the  best  idea  of  their  general  distribution  and  the  limits 
within  which  they  were  very  abundant  may  be  gathered  from  Mr. 
Sloan’s  delineations  upon  the  map  (PL  XXVIII).  The  fissures  seldom 
attained  a  width  of  more  than  an  inch,  excepting  in  the  vicinity  of 
river  banks,  where  an  actual  movement  of  the  banks  towards  the 
channel  of  the  river  opened  exceptionally  wide  cracks  parallel  to  the 
river  side.  Elsewhere  the  widths  of  the  fissures  were  seldom  so  great 
as  one  inch.  But  where  water  was  extravasated  in  large  quantity, 
some  point  in  the  line  of  the  fissure  would  be  often  enlarged  by  the 
rapid  flow  or  outrush  of  the  water  into  a  round  hole  of  considerable 
size,  with  a  crater-basin  at  the  ground  surface.  These  craterlets 
were  of  all  dimensions,  from  the  most  diminutive  up  to  20  feet  or 
more  in  diameter. 

As  a  general  rule  the  water  brought  up  great  quantities  of  sand 
and  silt.  Some  of  these  sands  were  nearly  pure  quartz  and  white; 
some  with  a  reddish  tinge,  some  yellowish  or  gray;  others  were 
largely  mixed  with  dark  clay  and  of  an  iron-gray  color.  Most  in¬ 
teresting  of  all  were  sands  consisting  almost  wholly  of  small  plates 
of  mica  (muscovite)  or  quartz  grains  mixed  with  flakes  of  mica.  It 
seems  little  doubtful  that  all  these  sands  were  brought  down  by  the 
rivers  from  the  granitic  areas  in  the  northwestern  part  of  the  State 
and  redistributed  in  the  ancient  estuaries  and  “  littorals”  which  have 
at  a  very  recent  epoch  become  dry  land.  Buried  quicksands  beneath 
the  surface  soil  in  this  vicinity  have  long  been  known.  In  some 
places  the  beds  are  known  to  lie  but  a  few  feet  deep.  The  quantity 
of  water  discharged  during  the  earthquake  was  so  great,  that  every 
stream-bed,  even  though  ordinarily  dry  in  summer,  was  awash.  It 
was  asserted  by  many  of  the  residents  in  some  parts  of  the  epicentral 
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tract  that  the  waters  were  spouted  upwards  to  great  heights,  giving 
at  first  the  impression  and  current  report  that  the  waters  were  hot. 
It  is  certain  that  the  temperature  of  the  waters  was  in  every  case 
normal.  That  here  and  there  it  was  thrown  up  in  jets  to  a  height 


Fig.  16.  Spreading  of  chimney. 

of  fifteen  or  twenty  feet  is  rendered  probable  by  finding  the  sand 
and  mud  smirching  the  limbs  and  foliage  of  trees  overhanging  the 
orifices.  But  it  is  equally  probable  that  such  projections  were  ex¬ 
ceptional  and  confined  to  a  few  localities.  As  the  earthquake  oc¬ 
curred  after  the  full  darkness  of  night  had  fallen,  the  testimony  of 
observers  on  this  point  must  rest  upon  some  other  evidence  than 
mere  vision  in  order  to  receive  much  credence. 

By  far  the  best  indications  of  the  variations  of  intensity  through¬ 
out  the  epicentral  tracts  are  furnished  by  the  railways  which  traverse 
them.  There  are  two  railways,  the  South  Carolina  and  the  North¬ 
eastern,  which  traverse  the  northern  epicentral  tract,  while  the  south- 
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ern  tract  is  crossed  by  the  Charleston  and  Savannah  Railway.  As 
the  South  Carolina  Railway  crosses  the  northern  tract  almost  cen¬ 
trally,  we  will  begin  by  noting  the  action  of  the  earthquake  upon  its 
road-bed  and  superstructure  in  detail,  as  set  forth  in  the  very  careful 
series  of  observations  made  by  Mr.  Earle  Sloan  immediately  after 
the  catastrophe. 

Leaving  the  railway  .station  at  Charleston,  no  marked  disturbance 
of  the  track  or  road-bed  was  disclosed  for  a  distance  of  3§  miles. 
Occasional  cracks  in  the  ground  and  in  the  ditches  alongside  were 
seen,  from  which  sand  and  water  had  been  extruded  in  abundance. 
Some  traces  of  violence  of  a  character  insufficient  to  call  for  any  re¬ 
pairs  were  perceptible  in  places.  At  the  point  referred  to  rails  were 
notably  bent  from  their  proper  places  and  the  track  had  suffered  a 
longitudinal  displacement,  by  which  the  joints  between  rails  were 
opened.  Thence  to  near  the  5-mile  point  no  marked  disturbance  was 
found  beyond  the  occurrence  of  cracks  and  small  sand-craters.  At 
the  5-mile  point  the  track  again  showed  signs  of  great  stress,  the  fish¬ 
plates  being  torn  from  their  fastenings  by  the  shearing  of  the  bolts, 
and  the  joints  between  rails  being  opened  seven  inches  in  both  tracks. 
Near  the  6-mile  point  the  joints  were  again  found  to  be  opened  and 
the  road-bed  was  permanently  depressed  six  inches.  Thenceforward 
the  signs  of  increasing  energy  became  more  and  more  decided. 


A 


Small  deflections  of  the  track  from  its  original  alignment  became 
frequent,  as  did  also  depressions  and  elevations  of  the  road-bed. 
Near  the  9-mile  post  the  changes  of  intensity  seemed  to  proceed  with 
the  greatest  rapidity.  The  lateral  displacements  of  the  track  were 
not  only  more  frequent,  but  greater  in  amount.  A  few  hundred  feet 
beyond  the  9-mile  post  was  a  serious  flexure  in  the  track.  It  was 
here  that  an  outgoing  train  from  Charleston  met  with  a  disaster. 
(PI.  XIX.)  The  fireman,  while  leaning  out  of  the  cab,  was  thrown 
to  the  ground  by  the  sudden  lurch  of  the  first  great  shock  and 
seriously  injured.  As  the  train  moved  onward  it  came  to  the 
sharp  kink  in  the  track  where  it  was  derailed  and  wrecked.  It  was 
in  this  vicinity  also  that  the  craterlets  showed  a  great  and  rapidly 
increasing  development.  Not  only  were  they  very  numerous,  but 
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they  increased  in  size  as  the  station  at  Ten-mile  Hill  was  ap¬ 
proached.  In  a  large  “  borrow-pit”  beside  the  road  the  ground 
was  honeycombed  with  them,  and  the  amount  of  sand  which  had 
outflowed  was  very  great. 

These  craterlets  seemed  to  reach  their  greatest  development,  both 
in  size  and  number,  near  Ten-mile  Hill.  Some  of  them  were  very 
large,  one  measuring  21  feet  across.  (PI.  XX.)  Many  acres  of 
ground  were  overflowed  with  the  sand,  which  was  two  feet  or  more 
in  thickness  near  the  orifices,  thinning  out  towards  the  margins. 
These  craterlets,  however,  depend  for  their-  size  and  number  not 
alone  upon  the  violence  of  the  earthquake,  but  also  upon  the  na¬ 
ture  of  the  strata  beneath.  The  water  and  sand  thrown  out  came 
from  a  few  feet  only  beneath  the  surface,  and  were  originally  con¬ 
tained  in  beds  of  quicksand  thoroughly  saturated  with  water.  The 
earthquake  opens  a  crack  in  the  ground  above,  affording  free  com¬ 
munication  with  the  surface.  The  overlying  soil  being  of  much 
greater  specific  gravity  than  the  water,  the  latter  rises  by  virtue  of 
the  simple  hydrostatic  law,  bringing  the  loose  fine  sand  with  it. 
Attempts  to  sink  artesian  wells  at  Ten-mile  Hill  have  been  defeated 
by  a  bed  of  watery  quicksand  about  twelve  feet  below  the  surface, 
which  could  not  be  kex>t  open.  The  area  thus  underlaid  by  quick¬ 
sand  is  very  large,  but  it  is  not  universally  distributed  over  the 
entire  epicentral  tract.  Wherever  it  occurs  near  the  surface  the 
craterlets  are  abundant;  but  they  are  frequently  absent  or  very 
scarce  where  the  energy  of  the  earthquake  is  known  from  other 
indications  to  have  been  very  great. 

The  distortions  of  the  track  and  its  dislocations  appeared  to  have 
nearly  attained  their  maximum  between  the  10-mile  and  11-mile 
posts.  It  was  often  displaced  laterally  and  sometimes  alternately  de¬ 
pressed  and  elevated.  Occasionally  severe  lateral  flexures  of  double 
curvature  and  of  great  amount  were  exhibited.  Many  hundreds  of 
yards  of  track  had  been  shoved  bodily  to  the  southeastward.  The 
buckling  always  took  place  when  this  lateral  shoving  encountered  a 
rigid  obstacle,  usually  a  long  rigid  trestle.  At  the  northwestern  end 
of  the  trestle  the  accumulation  of  rails  resulted  in  a  sharp  kink. 
Corresponding  extensions  of  the  track  by  the  opening  of  the  joints 
and  shearing  of  the  fish-plate  bolts  occurred  some  distance  to  the 
northwestward.  It  has  been  suggested  by  many  that  this  longitu¬ 
dinal  thrusting  of  the  track  was  a  simple  down-hill  movement.  This 
was  not  the  case.  On  the  Charleston  side  of  the  epicentrum  the  shove 
is  always  toward  Charleston;  on  the  opposite  side  of  the  epicentrum 
it  is  in  the  opposite  direction.  In  both  cases  the  track  has  been  shoved 
away  from  the  centrum,  and  this  holds  good  whether  the  grade  is 
up  or  down. 

At  Ten-mile  Hill  there  was  a  severe  distortion,  a  large  amount  of 
accumulated  rail  being  jammed  against  the  “  frog  ”  where  the  branch 


DISASTER  ON  THE  RAILROAD 


GEOLOGICAL  SURVEV  NINTH  ANNUAL  REPORT  PL.  XIX 


DUTTON.] 


THE  EPICENTEAL  TRACTS. 


285 


road  leading  to  Lamb’s  leaves  the  main  track.  Three-quarters  of  a 
mile  farther  on  was  another  severe  flexure,  the  track  having  been 
driven  longitudinally  to  the  southeastward,  so  as  to  form  a  double  or 
S-shapod  curve  by  the  accumulation  of  rail.  Near  the  11 -mile  post, 
on  the  other  hand,  the  track  was  parted  longitudinally,  leaving  gaps 
of  7  inches  between  the  ends  of  the  rails.  Here  also  was  a  consider¬ 
able  depression  or  sink  in  the  road-bed,  amounting  to  18  inches 


through  a  length  of  about  sixty  feet.  Half  a  mile  faitlier  on  there 
was  another  stretching  of  the  track,  opening  the  joints  as  much  as  7 
inches.  Throughout  this  part  of  the  track,  from  Ten-mile  Hill  nearly 
to  the  15-mile  post,  there  were  many  lateral  deflections  of  the  rails, 
generally  with  long  chords.  There  were  also  numerous  sudden  and 


short  depressions  of  the  road-bed.  These  lateral  deflections  are  pre¬ 
sumed  to  be  due  to  that  violent  wriggling  and  twisting  of  the  ground — 
the  “vorticose”  movements — which  almost  invariably  occur  in  the 
epicentral  tracts  of  great  earthquakes. 

The  epicentrum  is  inferred  to  be  situated  opposite  the  15|  or  16 
mile  point  of  the  railroad  and  at  a  distance  of  about  1  mile  from  it. 
Around  this  spot  there  was  little  to  indicate  ei '  her  the  degree  of  vio¬ 
lence  or  the  characteristics  of  the  motion.  The  nearest  structures 
were  the  railroad  and  a  few  wooden  sheds  with  brick  chimneys  at  a 
place  named  Woodstock,  and  these  were  completely  collapsed,  with 
every  indication  of  powerful  vertical  motion.  Through  a  distance 
of  more  than  four  miles  from  the  lid-mile  point  the  railroad  failed 
to  disclose  any  of  those  sharp  kinks  indicative  of  a  sliding  of  the 
track;  but  it  revealed  traces  of  violent  movement  nevertheless.  Many 
earth-molds  were  formed  by  the  ties  as  the  ground  vibrated  hori¬ 
zontally  beneath  the  rails,  and  the  alignment  was  distorted  by  long 
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flexures  with  small  ordinates,  showing  that  many  of  the  vibrations 
had  been  in  directions  perpendicular  to  the  course  of  the  track  and 
of  sufficient  amplitude  to  produce  a  permanent  distortion  of  the 
ground.  Elevations  and  depressions,  some  of  considerable  amount, 
Avere  also  produced.  This  section  of  the  road,  however,  lies  partly 
through  a  swamp  and  partly  through  a  rice-field,  and  the  ground  is 
little  suited  to  preserve  traces  of  violence.  Being  also  of  a  less  rigid 
nature,  it  would  be  less  likely  to  inflict  the  more  severe  injuries  upon 
the  road-bed. 

At  the  little  station  called  Ladson’s  the  road  rises  upon  higher 
and  firmer  ground.  In  the  few  houses  at  this  spot  Mr.  Sloan  found 
traces  of  intense  vertical  shocks.  The  chimneys  were  collapsed,  and 
the  wooden  structures  were  severely  shaken  and  strained  in  a  north¬ 
erly  direction.  A  little  beyond  the  railroad  track  was  flexed  sharply 
with  a  double  curvature.  At  the  18|-mile  point  was  another  severe 
flexure,  a  single  rail  29  feet  long  on  each  track  being  bent  into  an  S, 
one  branch  being  12i  inches,  the  other  branch  16  inches  from  the 
original  straight  line.  At  the  19|-mile  point  a  still  more  complex 
flexure  was  found.  Beneath  it  was  a  culvert,  which  had  been  strained 
towards  the  northwest  and  broken  as  in  Fig.  20.  About  five  hundred- 
feet  farther  on  was  the  “kink”  represented  in  Fig.  18.  The  north¬ 
western  end  of  this  flexure  ran  upon  a  short  wooden  trestle,  at  the 
south  end  of  which  the  maximum  flexure  represented  in  Fig.  18  oc¬ 
curred.  The  length  of  this  trestle  is  only  14  feet  and  its  height  about 
twelve  feet.  At  each  end  heavy  planking  is  spiked  across  the  verti¬ 
cal  supports,  in  order  to  make  a  bulkhead  or  retaining  wall  for  the 
abutting  ends  of  the  railway  embankment.  The  earth  in  the  em¬ 
bankment  had  been  molded  or  pressed  away  from  the  bulkhead  6 
inches  at  the  northern  end  and  5  inches  at  the  southern  end  of  the 
trestle.  I  can  only  interpret  this  as  meaning  an  amplitude  of  vibra¬ 
tion  in  the  line  of  the  track  of  at  least  eleven  inches. 

In  the  vicinity  of  the  20-mile  post  there  is  a  long  stretch  of  road¬ 
bed  and  track  which  was  distorted  by  many  sinuous  flexures,  gener¬ 
ally  of  no  great  amount.  Here  the 
road  traverses  a  swampy  tract.  A 
little  beyond  the  21-mile  point  it 
crosses  another  swampy  place,  this 
time  by  a  long  trestle,  which  was 
distorted  both  laterally  and  verti¬ 
cally  for  a  considerable  distance. 
Thence  onward  to  Summerville 
(21f  miles)  were  numerous  flex¬ 
ures,  one  of  which  was  a  sharp 
S-shaped  curve.  A  little  beyond 
the  station  at  Summerville  was  a  broken  culvert,  and  the  track  im¬ 
mediately  over  it  showed  a  sharp  double  curvature. 
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From  this  point  onward  the  disturbance  to  the  track  and  road-bed 
diminished  rapidly,  and  until  Jedburgh  was  reached  (nearly  six  miles 
beyond  Summerville),  none  of  the  more  violent  distortions  of  the 
rails  were  observed.  The  intervening  space,  however,  showed  con¬ 
siderable  longitudinal  stress  in  the  earth-molds  pushed  up  by  the 
ties  in  the  thrusting  motion  of  the  superstructure.  At  Jedburgh  (271 
miles)  there  was  a  severe  buckling  of  the  track,  as  shown  in  Fig.  19. 
It  occurred  at  the  south  end  of  a  long  heavy  trestle. 

Let  us  now  review  briefly  these  disturbances  presented  by  the  South 
Carolina  Railway  in  order  to  ascertain  what  they  signify  concerning 
the  origin  of  the  forces  which  produced  them.  In  Fig.  21  the  hori¬ 
zontal  line  represents  in  vertical  projection  the  track  of  this  road 
from  the  7-mile  to  the  25-mile  post.  Midway  between,  at  or  near 
the  16-mile  post,  a  vertical  line  is  drawn,  which  we  will  suppose  to 
extend  indefinitely  downwards  into  the  earth.  On  either  side  of  the 
16-mile  point  the  road  exhibited  a  symmetrical  series  of  phenomena, 
with  their  respective  directions  (or  “  orientation  ”)  reversed.  In 
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Fig.  21.  Opposite  directions  of  thrusts  on  opposite  sides  of  the  epicentrum. 


proceeding  from  Charleston  as  far  as  the  6-mile  point  we  may  dis¬ 
cern  an  increase  of  energy,  but  not  a  very  rapid  one.  The  incre¬ 
ment,  however,  became  more  and  more  rapid,  so  that  in  passing 
from  the  8-mile  to  the  12-mile  point  the  change  of  intensity  is  seen 
to  have  been  very  great.  It  was  within  these  4  miles  that  the  pow¬ 
erful  longitudinal  thrusts  and  sharp  bucklings  of  the  track  with 
corresponding  partings  of  the  joints  were  found.  The  greatest  rate 
of  change  in  the  intensity  south  of  the  epicenter  occurred  near  the 
b-mile  point,  and  probably  not  so  much  as  a  'mile  distant  from  it  in 
either  direction. 

On  the  other  side  of  the  16-mile  point  we  find  a  symmetrical  group 
of  facts.  Reversing  the  directions,  and  proceeding  from  the  24-mile 
to  the  20-mile  point,  we  find  a  similar  marked  increase  of  .intensity; 
and  within  a  section  of  a  little  more  than  4  miles  we  find  a  repetition 
of  those  longitudinal  thrusts  and  bucklings  with  corresponding  part- 
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ings  of  the  joints.  The  greatest  rate  of  change  north  of  the  epicenter 
occurred  near  the  23 -mile  point. 

Between  the  two  sections  of  extreme  buckling  there  was  an  inter¬ 
val  of  about  eight  miles  where  only  a  few  instances  of  it  occurred. 
In  this  interval,  however,  the  ground  is  for  the  most  part  swampy 
and  soft,  and  probably  of  a  nature  too  yielding  to  inflict  such  excess¬ 
ive  damages,  even  if  the  forces  involved  were  of  the  degree  and 
kind  which  would  in  a  firmer  soil  produce  them. 

The  disturbances  argue  the  action  of  both  normal  and  transverse 
waves.  At  or  very  near  the  epicentrum  all  horizontal  movement 
must  be  attributed  to  transverse  waves  alone  and  all  vertical  move¬ 
ment  to  normal  waves  alone.  There  was  motion  both  horizontal 
and  vertical  and  therefore  both  kinds  of  waves  must  have  acted. 

The  first  impulse  is  to  attribute  the  longitudinal  motion  of  the  rail¬ 
road  track  to  the  normal  waves.  But  this  is  by  no  means  certain. 
The  transverse  waves  near  the  epicentrum  and  in  localities  where  the 
angle  of  emergence  was  large,  might  have  produced  similar  results; 
but  their  power  to  produce  horizontal  motion  in  lines  radiating  from 
the  epicentrum  would  rapidly  diminish  as  the  angle  of  emergence  de¬ 
creased.  These  sharp  buddings,  however,  seem  to  have  been  excep¬ 
tional  occurrences  and  of  rather  limited  frequency,  while  smaller 
lateral  distortions  of  the  track  were  much  more  numerous.  When 
they  occurred,  they  indicated  a  powerful  impulse  away  from  the  epi¬ 
centrum,  and  an  impulse  of  exceptional  severity.  The  best  explana¬ 
tion  that  offers  itself  seems  to  be  that  they  were  produced  by  normal 
waves  combined  with  transverse  ones,  producing  exceptionally  great 
amplitudes  in  particular  spots.  The  smaller  lateral  deflections,  which 
involve  no  buckling  but  merely  a  lateral  distortion,  can  be  attributed 
only  to  the  transverse  waves. 

The  symmetry  of  the  two  sets  of  distortions  indicates  that  the  epi¬ 
centrum  must  lie  between  them.  But  they  do  not  indicate  necessa¬ 
rily  whether  it  is  near  the  track  or  at  some  notable  distance  from  it. 
They  imply,  however,  that  it  can  not  be  very  distant  from  it;  but  to 
determine  its  position  more  definitely,  and  to  procure  other  data  essen¬ 
tial  for  reaching  a  conclusion  as  to  the  approximate  depth  of  the  focus, 
we  must  traverse  the  epicentral  tract  alon'g  another  line.  This  shall 
be  the  track  of  the  Northeastern  Railroad. 

This  road  lies  parallel  with  the  South  Carolina  Railway  for  nearly 
6  miles  from  Charleston  and  usually  but  a  few  yards  distant  from 
it.  Thence  it  diverges  from  it  at  a  very  slight  angle.  •  At  about 
12  miles  from  Charleston  it  curves  steadily  and  rather  rapidly  to 
a  due  north  direction,  which  it  maintains  for  12  miles  more.  In 
noting  the  various  occurrences  along  this  road  it  will  be  Avell  to 
have  the  map  before  the  eyes.  It  is  to  be  observed  that  the  distances 
on  this  road  are  numbered  from  the  Charleston  terminus,  which  is 
about  tliree-fourths  of  a  mile  farther  to  the  southeastward  than  the 
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terminus  of  tlie  South  Carolina  Railway,  and  this  difference  must  be 
kept  in  view  in  making  comparisons  of  points  which  are  designated 
by  their  distances  from  the  origins  of  the  two  roads. 

In  the  first  mile  and  a  half  the  road  crosses  an  extensive  marsh  by 
alternate  embankments  and  trusses,  none  of  which  disclosed  any  ap¬ 
preciable  displacements.  At  the  end  of  this  distance  there  occurred 
a  lateral  flexure  having  a  chord  of  nearly  three  thousand  feet  and  an 
ordinate  of  18  inches — a  large  tract  of  soft  ground  appearing  to  have 
moved  bodily.  At  the  distance  of  four  miles  the  road  makes  a  slight 
curve  which  exhibits  a  notable  distortion.  Near  the  6-mile  point 
there  is  a  section  of  track  and  road-bed  about  four  hundred  feet  long 
which  had  been  depressed,  the  sinkage  attaining  a  maximum  of  22 
inches.  The  first  indication  of  marked  longitudinal  movement  of 
the  track  occurred  at  about  six  and  one-third  miles,  where  the  rails 
of  both  tracks  had  sheared  the  bolts  of  the  fish-plates  and  opened 
the  joints  14  inches.  Mr.  Sloan  does  not  note  any  corresponding  ac¬ 
cumulation  of  rail  in  the  vicinity.  At  the  7-mile  point  there  is  a 
depression  within  a  short  space  over  a  culvert,  from  which  point  the 
grade  ascends  in  both  directions;  and  a  hundred  feet  beyond  there  is 
a  slight  sinuous  flexure  appearing  to  indicate  longitudinal  compres¬ 
sion,  and  another  similar  one  about  two  hundred  and  fifty  yards 
southeast  of  the  8-mile  point. 

From  this  point  onward  the  indications  of  great  intensity  rapidly 
increased.  At  8  miles  4,500  feet  an  embankment  16  feet  high  on 
both  sides  of  a  narrow  water-way  was  depressed  10  inches  with  in¬ 
dication  of  forcible  vertical  motion.  Some  telegraph  poles  here  were 
broken  and  thrown  to  the  right — others  inclined.  At  8  miles  5,100 
feet  the  whole  superstructure  was  shifted  four  inches  to  the  eastward. 
At  nine  miles  there  was  long  lateral  flexure,  shifting  four  inches  east¬ 
ward.  At  9  miles  1.000  feet  a  six-foot  excavation,  embracing  a  broad 
borrow-pit,  showed  many  craterlets,  from  which  sand  had  been  ex¬ 
tra  vasated  in  great  quantity.  As  an  indication  of  the  force  with 
which  the  water  and  sand  were  ejected,  the  branches  of  trees  over 
these  craterlets  were  found  to  be  covered  with  the  sand  at  a  height 
of  13  feet  above  the  ground.  Much  conflicting  testimony  has  been 
given  as  to  whether  the  water  was  projected  forcibly  from  the  vents 
or  flowed  out  quietly.  The  difficulty  of  seeing  what  actually  hap¬ 
pened  in  the  darkness  of  the  night  is  the  probable  cause  of  the  dis¬ 
cordant  accounts  received.  The  present  instance,  however,  is  con¬ 
clusive  that  here,  at  least,  the  water  was  thrown  out  in  jets  to  a 
notable  height  and  with  considerable  force. 

At  9b  miles  the  fish-plates  were  broken  and  the  rails  parted  84 
inches.  Three  hundred  feet  farther  the  frog  at  a  siding  was  sheared 
and  shifted  8  inches  to  the  south.  At  9  miles  4,000  feet  the  super¬ 
structure  was  deflected  to  the  eastward.  At  10  miles  350  feet  was 
a  most  forcible  displacement.  An  embankment  15  feet  high  was 
9  geol - 19 


290 


THE  CHARLESTON  EARTHQUAKE. 


pushed  4  feet  6  inches  to  the  eastward  along  a  chord  of  150  feet,  and 
a  1,1  kink”  was  formed  in  one  pair  of  rails  with  a  chord  of  7  feet  and 
an  ordinate  of  11  inches.  At  10  miles  1,000 
feet  the  wing  wall  of  a  culvert  was  broken 
and  the  embankment  on  both  sides  of  it  de¬ 
pressed.  Throughout  this  part  of  the  track 
all  of  the  culverts  indicated  powerful  vertical 
components.  One  of  the  best  indices  of  ver¬ 
tical  action  was  found  at  11  miles  2,000  feet, 
where  a  trestle  40  feet  long  was  supported  on 
four  “  bents,”  as  in  Fig.  22.  The  girders  above  wore  notched  two 
inches  deep  on  their  lower  faces  to  receive  the  tops  of  the  bents.  The 
shock  lifted  the  girders  far  enough  to  release  the  bents  from  their 
notches,  and  two  of  them  fell  prostrate,  one  to  the  north,  fhe  other 
to  the  south. 

At  the  12-mile  point  there  was  another  great  disturbance.  The 
road  here  enters  a  shallow  cut.  Several  fish-plates  were  broken  and 
the  joints  parted;  along  flexure  began,  which  increased  for 450  feet. 
The  road-bed  and  cut  were  here  crossed  by  cracks,  of  unusual  width 
coursing  1ST.  40°  E.,  developing  into  a  series  or  network  of  cracks 
through  a  belt  150  feet  wide  and  at  least  700  feet  long.  The  widest 
cracks  were  21  inches  in  width.  At  12  miles  750  feet  a  long  trestle 
occurs,  and  the  superstructure  upon  the  embankment  at  the  begin¬ 
ning  of  the  trestle  was  shifted  8  feet  4  inches  to  the  westward,  and 
also  against  the  south  end  of  the  trestle.  The  ground  beneath  the 
trestle  appeared  also  to  have  been  shoved  northerly  or  the  trestle 
southerly,  so  that  the  bents  were  inclined,  and  those  near  the  ex¬ 
tremity  of  the  trestle  fell  to  the  ground.  It  was  found  necessary  to 
cut  out  22  inches  of  the  girders  before  the  alignment  could  be  re¬ 
stored. 

At  12  miles  2,800  feet  a  culvert  was  collapsed,  with  every  indication 
of  powerful  vertical  action.  Near  by  there  stood  a  cabin,  with  adobe 
chimneys,  which  wei;e  also  completely  crushed,  with  the  same  indi¬ 
cations  of  vertical  force.  Similar  adobe  chimneys,  crushed  in  the 
same  manner,  occurred  near  the  13-mile  point.  At  Otranto,  134- 
miles,  stood  a  large  brick  building  used  as  a  club-house  by  gentle¬ 
men  of  Charleston  when  hunting  in  the  neighborhood.  It  was  sub¬ 
stantially  built  and  in  good  repair.  The  earthquake  demolished  it. 
The  west  gable  was  completely  destroyed  and  the  underlying  wall 
severely  cracked;  the  east  wall  was  destroyed,  collapsing  to  the  east; 
the  piazza  on  the  south  and  west  fell  to  the  ground;  the  north  wing 
was  parted  from  the  building  and  inclined  to  the  north;  the  west 
chimney  was  thrown  to  the  northward  and  the  east  chimney  forced 
in  the  same  direction.  (Fig.  23.) 

A  mile  farther  on,  but  at  a  considerable  distance  east  of  the  rail¬ 
road,  are  the  ruins  of  St.  James’s  church.  This  was  a  heavy- walled. 


1  mnnr^77rr^’mm 

Fig.  22.  Overturned  bents. 
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building,  substantially  constructed.  Though  not  completely  pros¬ 
trated,  it  was  practically  destroyed,  the  walls  being  much  disinte- 


Fig.  S3.  Club-house  at  Otranto . 

grated  rather  by  the  vertical  action  than  by  the  horizontal.  Both 
the  east  and  west  gables  were  thrown  to  the  ground,  the  side  walls 
severely  cracked,  the  northwest  corner  much  shattered,  and  some  of 
the  interior  pillars  hammered  into  the  ground.  (Fig.  24.) 

At  the  15^-mile  point  the  road  crosses  Goose  Creek,  where  the  south 
end  of  the  trestle  is  deflected  to  the  east  and  the  north  end  to  the 
Avest.  From  this  point  the  road  ascends  a  very  gentle  grade  leading 
up  to  a  broad  sandy  flat.  Just  before  reaching  it,  in  the  vicinity  of 
the  16-mile  point,  there  were  found  evidences  of  intense  energy  of  a 
peculiar  kind.  The  ground  Avas  thrown  into  ridges  or  permanent- 
waves  and  the  rails  were  bent  in  a  vertical  plane  to  conform  to  the 
fixed  undulations.  The  ground  exhibited  marked  indications  of  vio¬ 
lence  by  the  cracks  and  fissures.  Mr.  Sloan  was  of  the  opinion  that 
the  expressions  of  intensity  here  were  unsurpassed  along  the  road 
except  by  the  great  flexure  at  the  12-mile  section. 

A  little  farther  on  the  road  passes  into  the  broad  sandy  tract  re¬ 
ferred  to,  and  almost  immediately  the  signs  of  disturbance  greatly 
diminish.  The  change  of  intensity  is  so  abrupt  as  to  suggest  some 
exceptional  cause  or  condition.  Objects  which  could  serve  as  monu- 


292 


TII E  CHARLESTON  EARTHQUAKE. 


ments  of  the  earthquake,  however,  become  very  rare.  For  a  distance 
of  two  miles  the  only  structures  are  the  railroad  and  a  cottage  near 
the  17-mile  point.  The  road  exhibited  no  marked  evidence  of  distress. 


Fig.  34.  St.  James's  Church. 

The  cottage  lost  its  chimneys,  the  northern  one  having  been  detached 
from  the  building  and  thrown  over  to  the  northward,  the  southern 
chimney  being  snapped  off  at  the  eaves  and  its  top  thrown  northward 
upon  the  house-top.  The  supports  on  which  the  house  rested  were 
strained  out  of  plumb.  At  Mt.  Holly  station  (18  miles)  there  are  a 
few  houses,  but  the  damages  were  inconsiderable,  the  most  serious 
being  the  loss  of  chimneys.  The  intensity  indicated  here  is  unnatu¬ 
rally  small.  The  station  is  upon  the  sandy  tract  referred  to.  Half 
a  mile  beyond  it  signs  of  greater  intensity  reappeared.  Here  the 
road  descends  upon  ground  which  is  less  sandy  and  more  like  that 
to  the  southward,  on  which  a  greater  intensity  was  disclosed.  For  a 
distance  of  about  1200  feet  the  track  was  thrown  into  flexures,  with 
a  displacement  to  the  eastward  of  about  four  inches.  The  road 
soon  passes  once  more  into  the  sandy  tract,  where  the  indications 
of  violence  again  cease  to  be  conspicuous.  The  last  manifestation 
of  great  energy  along  this  road  was  shown  in  the  vicinity  of  the  21- 
mile  point,  where  flexure  to  the  eastward  was  shown  along  a  distance 
of  900  feet  with  a  lateral  displacement  of  about  three  inches. 

The  falling  off  of  the  intensity  beyond  the  10-mile  point  has  been 
spoken  of  as  abnormal.  Possibly  it  may  be  in  some  measure  appar¬ 
ent  rather  than  real,  because  the  number  of  objects  which  could  ex¬ 
press  the  intensity  was  very  small  and  the  evidence  therefore  defec- 
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tive.  But  that  it  is  in  a  large  measure  real  Mr.  Sloan  is  persuaded, 
and  lie  has  given  great  care  to  the  study  of  this  section.  It  will 
appear  farther  on,  however,  that  this  is  the  border  of  a  very  consid- 
ahle  area  within  the  main  epicentral  tract  where  the  same  defect  of 
intensity  is  indicated.  It  exhibits  a  rather  remarkable  agreement  in 
respect  to  its  position  with  the  sandy  barren  tract  already  mentioned. 
The  thickness  of  the  surface  sands  probably  does  not  much  ex¬ 
ceed  40  feet  and  in  many  places  may  be  considerably  less  than  that. 
Whether  so  thin  a  layer  is  capable  of  producing  a  comparatively 
well-marked  “earthquake  shadow”  within  the  limits  of  an  epicen¬ 
tral  tract  is  extremely  doubtful,  though  it  would  be  rash  to  pro¬ 
nounce  it  to  be  impossible.  That  there  is  a  “shadow”  of  some  sort 
here,  produced  either  by  this  or  by  some  more  efficient  but  unknown 
cause,  is  rendered  practically  certain  by  the  following  occurrences. 
If  we  follow  a  nearly  due  east  course  from  the  assumed  epicentrum 
and  cross  the  Northeastern  Railroad  at  right  angles  and  proceed  as 
far  as  a  point  named  Oaks  on  the  map  (two  and  a  half  miles  east  of 
the  railroad),  we  shall  find  the  extreme  intensity  well  maintained- 
At  Oaks  a  massive  one-story  brick  building  was  ivrecked  with  indi¬ 
cations  of  great  violence.  (Fig.  25. )  Its  three  gables  were  all  thrown 
out,  all  its  chimneys  broken,  and  a  brick  stable  hard  by  destroyed. 
Passing  onward  about  two  miles  farther,  the  intensity  considerably 
declined.  At  a  point  near  by  a  brick  building  was  much  shattered, 
but  was  evidently  less  violently  shaken  than  that  at  Oaks.  Farther 
eastward  the  indications  of  energy  grew  less,  and  the  rate  of  decline 
along  this  line  seemed  to  be  quite  normal  and  in  due  proportion  to 
that  observed  in  both  directions  along  the  South  Carolina  Railway. 


Fig.  25.  Wrecked  house  at  Oaks. 


If,  now,  we  take  a  line  from  the  epicentrum  passing  more  to  the 
northeastward  it  will  enter  the  sandy  tract  with  a  great  falling  off 
of  the  indicated  intensity.  Emerging  from  it  east  of  the  railroad 
signs  of  great  intensity  re-appeared.  At  the  head  of  Back  River  a 
three-story  brick  dwelling  suffered  the  destruction  of  its  east  and 
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west  gables,  the  demolition  of  its  south  wall  from  the  second  floor 
to  the  roof,  and  the  overthrow  of  its  chimneys  to  the  north.  Here 
at  least  the  violence  was  as  great  as  it  normally  should  be.  Farther 
on  in  the  same  direction,  near  Cooper  River,  the  violence  decreased 
very  notably,  being  expressed  by  Assuring  the  brick  walls,  over¬ 
throwing  the  large  chimneys,  and  cracking  the  brick  furnaces  of  the 
rice  mills  in  that  neighborhood,  but  without  demolishing  any  sub¬ 
stantial  structures.  In  brief,  the  northeast  line  passes  through  the 
earthquake  shadow  near  its  margin  and  emerges  again  beyond  it 
with  an  intensity  which  is  apparently  normal  with  respect  to  its  dis¬ 
tances  from  the  epicentrum. 

The  Northeastern  Railroad  exhibits,  so  far  as  can  be  judged,  the 
most  rapid  rates  of  variation  in  intensity  near  the  9-mile  point, 
and  again  near  the  19£-mile  point.  The  latter  point,  however,  is 
subject  to  great  uncertainty,  owing  to  the  nature  of  the  ground  and 
the  scarcity  of  structures  which  can  serve  as  indices  of  the  energy. 
In  this  connection  it  will  be  of  interest  to  advert  to  the  remarks  of 
Mr.  Sloan,  who  summarizes  his  observations  in  a  way  that  leaves 
little  to  be  desired.  His  remarks  have  a  singular  value,  from  the 
fact  that  they  are  made  without  the  slightest  reference  to  any  ulte¬ 
rior  views  or  consequences  and  contemplate  nothing  more  than  a 
terse  summary  of  the  facts  as  they  were  observed.  He  says: 

Reviewing  the  displacements  of  the  railroads  traversing  the  disturbed  area  we 
note  the  following:  The  Northeastern  Railroad  at  the  14-mile  post  crosses  a  broad 
depression,  with  valley  line  slightly  above  sea  level,  and  ascends  on  both  sides  pro¬ 
nounced  slopes  constituting  the  water-shed  of  Goose  Creek.  About  this  locality 
various  evidences  of  vertical  force  find  expression,  as  in  rupturing  backs  and  wing- 
walls  of  culverts  downwards,  collapsing  of  adobe  chimneys,  depression  of  trestling; 
etc.  Proceeding  northerly,  we  observe  indications  of  increased  lateral  disturbance 
of  superstructure  and  road-bed,  attaining  maximum  stress  slightly  beyond  the  16- 
mile  post,  and  thence  decreasing  with  intermittent  expressions,  the  final  of  which 
is  found  at  the  21-mile  post.  Proceeding  southerly,  we  find  the  north  slope  of  the 
ridge  near  the  12-mile  post  violently  disturbed,  with  expressions,  near  the  crest,  of 
the  vertical  component,  which  has  sufficiently  raised  the  stringers  of  the  short 
trestle  to  admit  of  overturning  of  bents;  thence  the  disturbance  attains  its  maximum 
between  the  10  and  9  mile  posts,  beyond  which  the  indications  are  very  occasional 
till  we  arrive  on  Charleston  Neck,  beyond  which  the  tension  has  been  so  great  as  to 
have  opened  joints  through  the  shearing  of  the  track  bolts,  the  opening  at  one  place 
being  14  inches. 

The  South  Carolina  Railway  affords  increased  evidences  of  disturbance  as  we  pro¬ 
ceed  from  about  the  14-mile  post  northerly,  indicating  maximum  stress  between  the 
19  and  21  mile  posts,  where  the  most  violent  flexures  of  superstructures  were 
found,  which  were  always  immediately  south  of  and  partly  over  some  break  in 
the  road-bed,  such  as  a  trestle  or  culvert,  or  a  point  of  weakness  created  by  some 
swampy  ground,  but  irrespective  of  grade.  At  the  14-mile  post  is  a  30-foot  trestle, 
14  feet  high,  just  south  of  which  the  superstructure  is  found  flexured,  the  maxi¬ 
mum  flexure  being  immediately  at  the  junction  of  the  trestle  with  the  embank¬ 
ment,  and  indicating  a  northerly  stress  of  the  entire  superstructure,  the  rails  seeming 
to  drag  those  ties  resisting  longitudinal  movement.  Of  such  ties,  we  find  one  at 
every  angle-plate,  through  the  niches  of  which  spikes  restrain  longitudinal  move- 
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ment,  the  spikes  at  other  ties  merely  resisting  lateral  and  vertical  movement.  In 
dragging  these  ties  earth-molds  were  formed  seven  and  a  half  and  eight  inches 
broader  than  the  breadth  of  ties;  and  that  the  strain  had  been  in  the  main  north¬ 
erly  is  shown  by  the  splitting  of  several  cross-ties  by  spikes  entering  near  the 
northerly  edge.  This  accumulation  of  rail  proceeding  towards  the  north,  upon  en¬ 
countering  increased  resistance  in  rigidity  of  short,  stiff  trestles,  the  ties  of  which 
are  secured,  is  forced  to  buckle;  and  often  in  finding  a  sudden  depression,  affording 
thereby  sudden  change  in  nature  of  resistance,  we  again  find  lateral  flexure  over or 
about  the  point  of  weakness.  The  disturbance  to  superstructure  finds  final  expres¬ 
sion  on  the  south  side  of  the  trestle  near  the  27-mile  post.1 

Near  the  9-mile  post,  on  low,  swampy  ground,  a  violent  flexure  occurred  at  or 
about  the  instant  of  the  transit  of  a  locomotive  with  attached  train,  which  derailed 
the  locomotive,  wrecking  it  east  of  the  track.  The  train  was  moving  north, 
therefore  towards  the  axis  of  disturbance. 

Is  it  not  a  significant  fact  that  every  flexure  contiguous  to  trestles  or  other  points 
of  rigid  resistance,  from  the  15-mile  post  to  the  27-mile  post,  was  found  to  be  at  the 
south  end  of  such  resistances;  whereas,  proceeding  southerly  from  the  15-mile  post, 
the  flexures  are  found  at  the  northerly  extremities  of  points  of  resistance? 

The  indications  furnished  by  these  two  railroads  suggested  the 
position  of  the  epicentrum,  and  also  the  dimensions  and  configura¬ 
tion  of  the  epicentral  tract.  By  themselves  alone,  however,  they 
would  not  have  sufficed  to  establish  such  a  conclusion  upon  a  sure 
foundation.  It  was  a  suggestion,  and  no  more.  It  still  remained 
to  accept  the  location  of  the  epicentrum  as  a  trial  hypothesis,  and 
to  test  it  by  a  careful  scrutiny  of  the  facts  presented  along  nu¬ 
merous  lines  radiating  from  it,  and  thus  determine  whether  the  in¬ 
dications  afforded  by  the  railroads  were  borne  out  in  full  detail  by 
all  the  facts  at  command.  To  put  this  question  to  the  test,  we  will 
examine  the  evidences  presented  along  eight  lines  radiating  from 
the  inferred  epicentrum  in  directions  as  near  45°  apart  as  practica¬ 
ble. 

Sec.  I. — Let  us  first  follow  aline  drawn  from  the  epicentrum  north¬ 
ward.  It  leads  us  through  a  wilderness,  with  few  objects  to  indi¬ 
cate  the  nature  and  force  of  the  seismic  action.  About  two  and  a  quar¬ 
ter  miles  distant,  and  a  little  to  the  west  of  the  north  and  south  line, 
there  is  an  old  ruin  known  as  the  Middleton  House — a  name,  how¬ 
ever,  which  applies  to  several  distinct  places  within  the  epicentral 
tract  or  around  its  borders.  Here  stood  a'  large  brick  structure, 
long  ago  destroyed  by  fire,  but  the  walls  and  chimneys  were  stand¬ 
ing  at  the  time  of  the  earthquake.  The  shocks  here  were  plainly 
vertical.  The  chimneys  were  crushed,  and  the  brick  arches  support¬ 
ing  the  steps  also  crushed  downwards.  The  southwestern  corner 
had  been  torn  from  the  walls  and  apparently  lifted  up,  then  let  fall 

1  The  severe  buckling  at  the  27-mile  post  (Jedburgh)  must  be  regarded  as  an  outlier 
or  exceptionally  and  abnormally  severe  manifestation  for  the  locality.  The  princi¬ 
pal  decline  of  intensity  occurred  just  beyond  the  twenty-third  mile  post.  To  this  I 
believe  Mr.  Sloan  agrees,  as  does  also  Colonel  Averill,  the  general  superintendent, 
who  resides  at  Summerville.  Between  the  twenty-third  and  twenty-seventh  mile 
the  road  showed  no  serious  disturbance. 
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again  inside  the  foundation  walls,  the  corner  fragment  still  retain¬ 
ing  its  upright  position.  The  foundations  of  the  smaller  buildings 
were  badly  crushed  and  disintegrated.  Northward  beyond  this 
point  the  earthquake  has  left  no  traces.  The  line  passes  at  once 
into  the  sandy  tract  within  two  miles  of  the  epicentrum,  but  whether 
it  be  that  a  true  earthquake  shadow  existed  here,  or  whether  there 
was  normal  violence  which  has  left  no  sign,  it  is  impossible  to  say. 
The  country  is  densely  forest  clad,  and  there  is  no  human  habita¬ 
tion  or  structure  until  a  point  nearly  eight  miles  north  of  the  epi¬ 
centrum  is  reached,  where  there  stands  a  wooden  cottage,  resting  on 
brick  piers  eight  feet  high,  and  near  by  an  old  turpentine  still.  The 
cottage  was  not  overthrown,  but  its  chimney  was  cracked,  as  was 
also  the  cylindrical  wall  inclosing  the  still,  but  the  injuries  were 
uninstructive  and  unsuited  for  indications  of  intensity.  Two  miles 
to  the  westward,  however,  and  eight  miles  distant  from  the  epicen¬ 
trum,  some  more  decisive  indications  were  disclosed.  Several  dead 
pines  had  been  snapped  off  and  overthrown,  and  a  large  log  which 
had  long  rested  on  the  ground  had  been  rolled  over  from  the  position 
in  which  it  had  become  embedded.  A  mile  and  a  half  farther  west  a 
house  had  been  shifted  from  its  supports  and  moved  bodily  several 
inches. 

Mr.  Sloan,  after  diligent  search,  was  unable  to  find  any  conspicu¬ 
ous  traces  of  the  shocks  immediately  north  of  the  epicentrum,  and 
the  few  uncertain  indications  which  he  notes  are  mentioned  rather 
to  show  the  poverty  of  the  evidence  than  to  utilize  them  as  meas¬ 
ures  of  intensity.  At  a  distance  of  eight  miles  to  the  northward 
he  is  of  the  opinion  that  the  intensity  was  about  normal,  and  that 
in  the  intermediate  region  the  absence  of  marks  of  great  violence 
was  due  in  a  great  measure  to  a  real  defect  of  intensity. 

Sec.  II.— This  is  the  line  of  the  South  Carolina  Railway,  extend¬ 
ing  from  the  epicentrum  in  a  nearly  northwest  direction.  As  the 
facts  along  this  line  have  already  been  discussed,  nothing  will  be 
added  here. 

Sec.  III. — The  third  section  will  be  along  a  line  extending  due 
west  from  the  epicentrum.  Here,  too,  is  a  great  scarcity  of  facts, 
but  there  are  a  few  which  indicate  the  intensity  much  more  decisively 
than  those  observed  to  the  northward.  The  ground  showed  numer¬ 
ous  cracks  and  fissures,  and  Mr.  Sloan  was  impressed  with  the  idea 
that  the  vertical  components  in  this  direction  were  exceedingly 
powerful.  At  a  distance  of  about  three  and  a  half  miles  a  wooden 
house,  standing  upon  brick  piers,  lost  its  outside  chimneys  under 
circumstances  indicating  more  than  ordinary  violence.  The  most 
forcible  impulses  here  were  apparently  vertical.  A  little  to  the  west 
of  this  house  the  craterlets  with  extravasated  sand  Avere  abundant. 
At  a  distance  of  5  miles,  but  somewhat  south  of  the  line  of  section, 
are  the  ruins  of  a  church,  which  was  destroyed  with  signs  of  terri- 
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ble  violence.  Beyond  this  point,  at  a  distance  of  about  a  mile,  the 
indications  imply  a  notable  decline  of  intensity,  and  at  the  Ashley 
River  the  violence  was  notably  less.  Although  this  section  dis¬ 
closed  but  few  conspicuous  monuments  of  the  energy,  Mr.  Sloan  has 
felt  confidence  in  his  belief  that  it  was  very  great. 

Sec.  IV. — The  next  section  will  extend  southwest  from  the  epicen- 
trum.  At  the  place  called  W oodstock,  immediately  upon  the  railroad 
and  not  more  than  a  mile  from  the  epicentral  point,  are  the  old  sheds 
and  limekiln  spoken  of  in  the  description  of  the  South  Carolina 
Railway.  The  sheds  appeared  to  have  been  collapsed  by  a  power¬ 
ful  upward  stroke  from  beneath,  crushing  them  down  at  once  as 
if  by  a  pile-driver.  The  vertical  direction  of  the  impulse  could  not 
well  be  more  clearly  manifested.  Proceeding  onward  about  a  mile 
to  the  southwest,  the  line  of  section  entered  upon  a  belt  of  craterlets 
rivaling  those  in  the  vicinity  of  Ten-mile  Hill.  Concerning  this 
locality  Mr.  Sloan  remarks  in  his  notes: 

Belt  of  craterlets  bearing  S.  80°  W.,  N.  80°  E. — Along  this  ridge  many  dry  cracks 
have  occurred,  as  well  as  long  cracks  connecting  series  of  craterlets.  We  here  find 
wells  cracked  in  vertical  planes  through  the  axis  of  the  wells  with  azimuth  N.  80°  E., 
the  cracks  extending  from  the  tops  to  the  bottoms  of  the  wells.  The  wells  have 
been  almost  universally  disturbed,  many  overflowing  and  subsequently  subsiding, 
others  filled  with  sand,  others  rendered  muddy.  We  find,  extending  through  a 
field  for  a  distance  of  700  feet,  a  fissure  from  eight  to  fourteen  inches  wide,  con¬ 
necting  a  series  of  large  craterlets  affording  liberal  quantities  of  sand.  In  certain 
flats  these  craterlets  appear  to  have  submerged  the  earth  seven  inches  with  water. 

His  notes  indicate  similar  disturbances  extending  through  a  dis¬ 
tance  of  about  three  miles.  At  a  point  about  four  and  a  half  miles 
southwest  of  the  epicentrum  we  come  upon  one  of  the  most  interest¬ 
ing  and  instructive  monuments  of  the  earthquake  to  be  found  in  the 
whole  epicentral  tract.  The  locality  is  the  site  of  an.  old  town  named 
Dorchester,  long  since  abandoned  and  overgrown  with  forest.  The 
place  has  interesting  historic  associations  with  colonial  and  revolu¬ 
tionary  times,  and  has  been  made  the  scene  of  one  of  Gilmore  Simms’s 
most  pleasing  classic  stories.  In  a  thick  wood,  a  few  hundred  yards 
from  the  Ashley  River,  stands  the  ruin  of  an  old  brick  church. 
Around  it  are  the  fallen  and  moldering  gravestones  of  the  forgotten 
dead  overgrown  with  brush  and  jungle.  Of  the  church,  all  that  re¬ 
mained  at  the  time  of  the  earthquake  was  the  tower,  which  was  18 
feet  square  at  the  base  and  rose  to  a  height  of  nearly  40  feet.  The 
walls  of  this  tower  on  the  northwest  and  southeast  sides  were  3  feet  10 
inches  thick,  and  on  the  other  two  sides  about  two  feet  thick.  From 
its  summit  large  blocks  of  brick  and  mortar — as  much  as  15  or  20 
cubic  feet  in  each  block — were  dislodged  and  hurled  in  four  direc¬ 
tions.  One  large  mass  struck  the  ground  35  feet  from  the  base  of  the 
tower  on  the  northeast  side,  and  in  its  descent  stripped  branches  and 
bark  from  a  tree  with  which  it  came  in  contact.  Another  mass  of 
nearly  equal  volume  was  hurled  in  the  opposite  direction  from  the 
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summit  of  tlie  tower  and  to  an  equal  distance.  Large  masses  were 
also  thrown  in  directions  at  right  angles  to  the  above,  but  not  to  such 
great  distances.  It  was  my  privilege  to  view  these  relics  under  the 
guidance  of  Mr.  Sloan,  and  after  studying  them  carefully  I  could  see 
no  escape  from  his  conclusion  that  the  greater  fragments  had  been 
actually  projected  to  a  distance  of  35  feet  from  the  base  of  the  tower. 
That  the  blocks  did  not  strike  the  ground  nearer  to  the  base  and  roll 
farther  away  was  clearly  established  by  most  careful  investigation, 
and  the  lacerated  bark  and  branches  of  the  tree  immediately  above 
the  spot  where  the  largest  block  lay  was  to  my  mind  conclusive. 
(PI.  XXII.) 

A  little  beyond  this  ruin  is  the  Ashley  River,  where  there  still 
stands  an  old  fort,  built  of  a  peculiar  concrete,  consisting  of  oyster 
shells  embedded  in  a  lime-mortar  obtained  by  burning  and  calcining 
oyster  shells — the  same  shell-lime  which  Dr.  Manigault  praises  so 
highly.  It  deserves  his  praise,  for  the  old  fort-wall,  built  more  than 
a  hundred  years  ago,  is  as  fresh  and  hard  as  newly  cut  granite.  But 
the  earthquake  broke  it  in  many  places  and  severely  cracked  it,  espe¬ 
cially  at  the  northeast  corner.  Hard  by  the  fort  are  several  wide 
cracks  in  the  ground  parallel  to  the  river. 

Crossing  the  Ashley,  the  traces  of  a  marked  decline  of  intensity 
begin  to  appear  about  a  mile  beyond.  Two  and  a  half  miles  from 
the  river  is  a  cluster  of  small  buildings  which,  though  much  shaken, 
indicate  a  force  much  less  intense  than  that  displayed  at  the  river. 
Altogether  the  intensity  displayed  along  this  section  seems  to  surpass 
that  which  is  disclosed  along  any  other,  with  the  possible  exception 
of  the  one  extending  from  the  epicentrum  through  the  12-mile  point 
of  the  Northeastern  Railroad. 

Sec.  V. — The  line  to  be  next  examined  shall  be  that  extending 
about  due  south  from  the  epicentrum.  It  passes  over  a  forest-clad, 
uninhabited  tract,  and  for  a  distance  of  two  or  three  miles  south  of 
the  railroad  traverses  ground  severely  cracked  and  full  of  craterlets. 
The  description  given  for  the  first  three  or  four  miles  of  the  preced¬ 
ing  section  will  apply  to  this.  Strongly  individualized  and  instruct¬ 
ive  traces  are  very  few  until  the  Ashley  River  is  reached.  Here 
the  bank  of  the  river  is  a  rounded  clay  terrace,  which  was  shaken 
southward  towards  the  stream,  opening  a  series  of  wide  cracks  par¬ 
allel  to  the  river,  as  represented  in  PI.  XXIII.  The  sliding  of  the 
bank  riverward  uprooted  several  large  trees,  which  fell  over  into  the 
the  water.  Almost  directly  opposite  this  point  on  the  other  side  of 
the  Ashley  stands  Gregg’s  Phosphate  Works.  Mr.  McGee  describes 
the  effects  here  as  follows: 

At  the  phosphate  works  there  is  a  two-story  wooden  house,  shown  in  plan  in  Fig. 
20.  The  foundation  is  of  brick,  with  exceptionally  good  mortar,  and  is  therefore 
unusually  firm  and  strong.  It  is  but  little  injured  save  :it  the  corners,  where 
the  bricks  and  mortar  are  crushed  and  crumbling.  The  two  chimneys,  25  feet 
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apart,  were  thrown  in  such  directions  that  their  debris  are  now  intermingled,  as 
shown  in  the  figure.  It  will  be  observed  that  the  southernmost  chimney  has  been 
thrown  the  farther.  Fig.  27  is  a  plan  of  the  light  railway  tracks  and  washer  at  the 
phosphate  works;  Fig.  28  shows  in  plan  the  kinking  of  the  rails  at  the  point  a  in 
general  plan,  and  Fig.  29  illustrates  the  settling  of  the  embankment  and  shifting 
of  the  trestle-work  leading  to  the  washer.  The  heavily  braced  timber  framing 
upon  which  the  washer  is  supported  is  seriously  strained,  and  it  would  appear  that 
the  entire  building  has  been  moved  eastward  two  or  three  inches.  The  viaducts 
through  which  the  sand  and  mud  are  carried  from  the  washer  to  the  waste  heap 
have  both  been  shifted  northward  two  to  four  feet,  and  the  trestle-work  upon 
which  they  are  supported  has  been  in  part  thrown  down.  The  retaining  dam  below 
the  mill  pond  was  extensively  broken  by  longitudinal  and  crescentic  fissures,  set¬ 
tled  a  foot  or  more,  and  at  one  point  a  heavy  live-oak  tree  growing  upon  it  was 
partially  overthrown  to  the  westward. 


Fig.  20.  Overthrown  chimneys  at  Gregg's — seen  from  above. 

Along  the  course  of  the  Ashley  River,  between  Dorchester  and 
the  Charleston  Phosphate  Works,  at  Lamb’s,  the  indications  of  the 
violence  of  the  earthquake  are  very  numerous  and  impressive.  To 
recite  them  in  detail  would  be  to  protract  the  account  unnecessarily, 
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and  only  a  few  notable  occurrences  will  be  cited  in  detail  and  the 
remainder  will  be  treated  more  summarily.  At  Ebaugh’s  Phosphate 
Works,  on  the  northeast  bank  of  the  Ashley,  where  the  violence 
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Fig.  27.  Plan  of  track  and  washer  at  Gregg’s. 

indicated  was  very  great,  there  was  one  occurrence  of  special  interest, 
which  seemed  to  show  a  large  amplitude  of  motion.  Some  of  the 
lead  curtains  in  the  sulphuric-acid  chamber,  which  hung  vertically, 
had  been  oscillated  in  the  direction  of  their  own  planes,  and  in  so 

^  / 


moving  had  been  scratched  by  points  of  the  framework  in  contact 
with  them.  Some  of  these  scratches  were  nearly  a  foot  in  length. 
This  is  believed  to  indicate  only  a  part  of  the  real  amplitude. 

A  very  interesting  ruin  was  the  residence  of  Dr.  Baker,  about  a 
quarter  of  a  mile  north  of  the  Ashley  and  about  four  miles  above 


U.  S.  GEOLOGICAL  SURVEY 


NINTH  ANNUAL  REPORT  PL.  XXII 


DORCHESTER  TOWER, 


DUTTON.  1 


TIIE  EPICENTRAL  TRACTS. 


301 


Lamb’s.  This  house  is  said  to  have  been  built  in  the  early  part  of 
the  last  century  with  bricks  imported  from  England.  Relatively  to 
those  times  it  was  a  very  line  residence.  It  was  solidly  built,  and  the 
masonry  bears  evidence  even  now  of  being  of  the  most  substantial 
character.  The  house  is  approached  from  the  county  roadway  be¬ 
neath  avenues  of  ancient  live-oaks,  whose  heavy  trunks,  widespread 
branches,  and  dense  shade  would  create  a  pang  of  envy  in  the  heart 
of  an  English  duke.  The  ruin  of  the  house  was  complete.  The 
northwest  and  southeast  walls  were  wholly  overthrown  and  the 
greater  part  of  the  northeast  or  front  wall.  The  rear  wall  was  par¬ 
tially  prevented  from  falling  by  the  bond  of  the  interior  partitions 
and  by  the  bracing  of  the  back  building.  The  interior  partitions' 
remained,  and  it  is  to  this  fact  that  Dr.  Baker  owed  his  escape  from 
death  or  serious  injury.  He  had  just  retired  for  the  night,  and  his 
bed  was  placed  in  the  innermost  corner  of  the  room. 

A  mile  and  a  half  south  of  the  Ashley  River,  along  this  section,  the 
intensity  showed  a  marked  diminution.  The  same  line,  however, 
carries  us  in  the  course  of  two  or  three  miles  into  a  region  which  was 
powerfully  affected  by  the  second  focus.  Here  we  will  merely  note 
in  passing  that  there  is  an  apparent  minimum  between  the  two  epi- 
central  tracts. 

Sec.  VI. — The  section  along  the  southeast  line  is  represented  by 
the  South  Carolina  Railway  in  the  direction  of  Charleston.  As  this 
has  already  been  discussed,  it  may  be  passed  over  without  further 
mention. 

Sec.  VII. — The  facts  presented  along  a  portion  of  this  section, 
which  extends  due  east  from  the  epicentrum,  have  been  partially 
considered  in  the  description  of  the  disturbances  suffered  by  the 
Northeastern  Railroad  and  some  buildings  in  its  vicinity.  Some 
further  facts,  however,  remain  to  be  added  to  make  the  discussion 
more  nearly  complete.  For  the  first  four  miles  from  the  epicentrum 
the  facts  presented  in  such  a  way  as  to  afford  indications  of  the  in¬ 
tensity  are  somewhat  scanty.  The  country  is  forest  clad,  and  con¬ 
tains  but  few  habitations,  and  these  are  only  small  wooden  cottages 
or  negro  cabins,  all  of  which  show  that  they  were  most  violently 
shaken.  The  ground  is  reported  to  have  been  severely  cracked  and 
in  several  tracts  the  craterlets  were  abundant  and  the  discharge  of 
sand  copious.  In  others  the  cracks  were  dry.  The  intensity  indi¬ 
cated  was  very  great.  At  the  point  where  the  Northeastern  Railroad 
crosses  Goose  Creek  the  disturbances  have  already  been  described. 
Beyond  the  railroad  the  ground  generally  indicated  great  force,  but 
artificial  objects  are  scanty.  Two  miles  to  the  east  of  it  Mr.  Sloan 
notes  indications  of  a  violent  swaying  of  the  trees.  The  pines  were 
frequently  “boxed”  (i.  e.,  scored  by  the  removal  of  the  bark  and 
outer  sap  wood  on  one  side)  for  the  gathering  of  turpentine.  The 
rosin  in  time  becomes  caked  where  it  collects  upon  the  exposed  wood 
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and  in  the  violent  gales  the  Lending  of  the  trunk  cracks  it  off.  The 
unusual  amount  of  resin  here  cracked  off  during  the  earthquake  and 
the  distance  at  which  it  fell  were  believed  by  Mr.  Sloan  and  by  resi¬ 
dents  in  the  neighborhood  to  have  been  due  to  the  great  swaying  of 
the  trees.  Near  by  the  ground  was  severely  cracked,  and  many  cra- 
terlets  appeared,  which  had  discharged  large  amounts  of  sand.  A  mile 


and  a  half  farther  eastward,  near  Foster  Creek,  the  craterlets  became 
large,  and  emitted  water  in  such  volume  as  to  flood  a  rice  field.  The 
cottages  were  severely  shaken,  but  suffered  no  worse  damage  than 
the  loss  of  chimneys.  The  vertical  and  horizontal  motions  were  both 
strongly  pronounced  at  this  point.  The  former  was  indicated  by 
the  manner  in  which  chimneys  were  cracked  and  injured,  and  the 
latter  by  the  displacement  of  furniture  in  the  houses.  In  one  house 
a  bed  was  wheeled  across  the  room,  carrying  its  occupant  with  it. 
At  this  point  Mr.  Sloan  notes  a  decided  diminution  of  intensity, 
though  the  remaining  energy  was  still  very  considerable.  This  de¬ 
crease  becomes  much  more  marked  farther  eastward  on  the  Cooper 
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Fig.  29.  Sinking  of  a  railway  embankment. 


River,  at  what  is  known  as  the  Poppenlieim  place,  where  the  injuries 
were  not  of  a  serious  character,  being  most  conspicuously  represented 
by  a  general  overthrow  of  the  chimneys  of  the  houses  scattered 
along  the  bank  of  the  river. 

Sec.  VIII. — This  section  has  been  virtually  described  in  the  por¬ 
tion  of  this  chapter  which  relates  to  the  Northeastern  Railroad.  It 
extends  northeastward  from  the  epicentrum. 

We  may  now  proceed  to  a  graphic  delineation  of  the  facts  pre¬ 
sented  along  the  several  lines  of  section,  which  shall  show  at  a  glance 
the  distribution  of  the  energy  as  we  infer  it  from  effects.  This  task 
might  seem  at  first  a  very  difficult  one,  because  of  the  impossibility 
of  assigning  any  definite  degree  to  the  energy  displayed  or  of  even 
employing  any  definable  unit  with  which  to  measure  it.  No  doubt 
this  difficulty  is  a  serious  and  an  unfortunate  one.  But  it  is  by  no 
means  fatal.  Our  estimates  must  be  expected  to  fall  far  short  of 
accuracy,  and  they  are  in  some  sense  guesswork.  But,  on  the  other 
hand,  these  errors  of  estimate  belong  to  what  is  usually  termed  the 
accidental  class,  where  a  considerable  number  of  erroneous  estimates 
have  a  mean  value  whose  error  is  much  smaller  than  the  probable 
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error  of  any  single  estimate,  and  the  danger  that  they  will  grossly 
mislead  us  is  not  very  great.  In  PI.  XXIV  a  series  of  curves  has 
been  drawn,  whose  ordinates  represent  the  estimated  relative  inten¬ 
sity  along  eight  lines  of  direction  from  the  epicentrum  as  a  central 
point.  The  lines  of  direction  are  “ oriented”  in  the  drawing  to  cor¬ 
respond  to  their  true  positions  on  the  ground.  The  intensity 
curve,  which  must  be  imagined  as  being  drawn  in  a  vertical  plane, 
is  represented  as  revolved  00°,  so  as  to  fall  in  the  jdane  of  the  paper, 
the  line  of  direction  being  in  each  curve  the  axis  of  rotation. 

Before  proceeding  to  draw  final  conclusions  from  the  facts  just 
discussed  and  summarized  concerning  the  Woodstock  focus,  we  will 
proceed  to  a  similar  but  briefer  analysis  and  synthesis  of  the  facts 
presented  by  the  southern  epicentral  tract.  That  a  second  well- 
marked  and  distinct  focus  existed  in  the  vicinity  of  the  20-mile  point 
of  the  Charleston  and  Savannah  Railway  became  apparent  in  an  early 
stage  of  the  investigation.  Indeed,  the  first  impression  was  that 
there  were  three  distinct  foci  with  as  many  epicentra,  and  that  the 
third  one  was  situated  in  the  near  neighborhood  of  the  Ashley  River 
and  a  little  west  of  the  line  joining  the  other  two.  So  strong  was 
this  belief,  that  it  was  announced  by  the  writer  in  a  paper  read  be¬ 
fore  the  National  Academy  of  Sciences  in  April,  1887.  Mr.  Sloan 
was  of  the  same  opinion,  though  possibly  holding  it  with  some  re¬ 
serve.  At  the  time  of  announcing  the  inference  of  a  third  focus  the 
data  had  not  been  subjected  to  the  thorough  scrutiny  and  compari¬ 
son  they  have  since  received,  and  the  writer’s  opinion  at  present  is 
very  decided  that  the  observed  facts  which  led  to  that  inference  are 
susceptible  of  a  different  and  much  more  probable  explanation;  that 
only  two  distinct  foci  existed,  and  that  a  third  focus  is  inconsistent 
with  many  considerations  which  were  not  at  first  obvious,  but  which 
became  so  as  the  investigation  became  more  critical  and  searching. 
The  reality  of  the  second  focus,  however,  has  not  only  sxood  the  test 
of  the  most  thorough  scrutiny,  but  has  received  further  confirma¬ 
tion,  and  has  been  placed  beyond  the  reach  of  question.  Indeed,  no 
question  about  it  has  existed  from  the  first. 

We  may  first  proceed  to  recite  the  evidences  presented  along  the 
course  of  the  Charleston  and  Savannah  Railway.  This  road  uses  the 
same  track  as  the  Northeastern  for  seven  miles  out  of  Charleston  and 
then  leaves  it,  turning  almost  at  a  right  angle  to  a  course  considera¬ 
bly  south  of  west,  leading  to  the  Ashley  River.  We  shall  note  the 
points  by  the  mile-posts  which  begin  at  the  terminal  station  of  the 
Northeastern  road  in  Charleston.  Ashley  River  is  about  11  miles 
and  3,000  feet  from  the  terminus.  Between  the  turnout  (7-mile 
point)  and  the  river,  a  distance  of  four  and  a  half  miles,  the  road  suf¬ 
fered  but  few  displacements  and  gave  no  marked  indications  of  vio¬ 
lence.  By  reference  to  the  map  it  will  be  seen  that  this  section 
courses  nearly  perpendicularly  to  a  line  drawn  from  the  Woodstock 
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epi centrum,  and  if  affected  at  all,  it  should  have  shown  the  action  of 
this  focus  rather  than  that  of  the  Rantowles  focus,  which  was  more 
distant  and  less  energetic.  This  absence  of  any  marked  influence 
from  the  Woodstock  focus  maybe  put  into  comparison  with  the  facts 
presented  by  a  short  branch  road  leading  from  Ten-mile  Hill  to  the 
phosphate  works  at  Lamb's.  This  branch  also  has  a  southwesterly 
course,  making  a  large  angle  with  a  radius  drawn  from  the  Wood- 
stock  epicentrum.  Although  the  ground  along  its  route  was  cracked 
and  dotted  with  many  craterlets,  the  road  itself  showed  no  signs  of 
serious  disturbance. 

At  the  Ashley  River  the  Charleston  and  Savannah  Railway  suf¬ 
fered  serious  disturbance.  The  approach  to  the  bridge  is  by  a  long 
embankment,  traversing  a  marshy  flat  with  an  ascending  grade, 
giving  place  near  the  bridge  to  a  high  trestle.  An  embankment  and 
trestle  lead  to  the  bridge  from  the  opposite  side.  The  drawbridge 


Fic;.  30.  Convergence  of  opposite  banks  at  Asbley  River  bridge. 


was  closely  jammed  by  the  earthquake,  the  immediate  cause  being 
the  sliding  or  creeping  of  both  river  banks  towards  the  center  of  the 
stream,  carrying  the  trestle  with  them.  West  of  the  river  the  joints 
of  the  rails  were  torn  open  by  tension  produced  in  this  sliding 
motion.  (Fig.  30.) 

For  a  distance  of  four  miles  from  the  Ashley  River  the  railroad 
showed  no  marks  of  serious  disturbance.  The  country  here  trav¬ 
ersed  had  but  few  objects  in  the  vicinity  of  the  road  adapted  to  pre¬ 
serve  traces  of  the  earthquake.  But  on  the  bank  of  the  Stono  River, 
about  three-fourths  of  a  mile  from  the  mouth  of  Rantowles  Creek, 
indications  of  considerable  energy  were  presented.  Here  was  a  phos¬ 
phate  washer  with  a  tramway  extending  to  the  Stono  River,  standing 
upon  marshy  ground,  which  exhibited  the  same  tendency  to  flow 
towards  the  middle  of  the  stream  as  was  noted  at  Gregg’s  Phos¬ 
phate  Works  and  at  the  Ashley  River  bridge.  The  walls  of  the 
washer  were  severely  cracked. 

As  the  railroad  approached  the  Rantowles  bridge  signs  of  energy 
appeared  to  develop  with  great — indeed  with  what  was  probably 
abnormal — rapidity.  At  10  miles  2,000  feet  began  a  long  flexure  of 
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tlie  original  straight  line  (or  “tangent”)  of  the  road.  The  bridge  is 
approached  from  the  east  over  a  marshy  flat  traversed  by  1,400  feet 
of  embankment  and  1,000  feet  of  trestling;  from  the  west  over  a 
similar  marsh  with  400  feet  of  trestling.  Examination  with  a  transit 
showed  the  drawbridge  to  be  37  inches  south  of  its  original  position. 
The  entire  road-bed  was  distorted  into  an  irregular  curve  through 
a  distance  of  7,500  feet,  the  maximum  ordinate  measured  from  the 
original  straight  line  being  at  the  bridge.  The  banks  also  on  both 
sides  had  flowed  towards  the  middle  of  the  stream.  Mr.  Sloan  adds: 


The  piling,  wliich  affords  no  indication  of  relative  movement  from  inclosing 
earth,  has  dragged  attached  bents  from  vertical  positions  and  jerked  the  super¬ 
structure  from  opposite  sides  to  the  center  line  with  violence,  wrecking  rails,  bulg¬ 
ing  up  stringers,  forcing  up  the  caps  of  bents  which  were  mortised  with  4-inch 
tenons,  and  in  general  affording  liberal  indications  of  shortening  of  the  distance 
separating  banks.  The  superstructure  on  both  sides  of  the  drawbridge  was 
violently  flexured  both  transversely  and  vertically  with  accumulated  length  of 
rail.  The  latter  is  duly  accounted  for  near  summits  of  the  involved  grades,  where 
joints  are  widely  parted.  Along  the  western  portion  of  the  arc,  where  the  displace¬ 
ment  returns  to  original  tangent  near  Rantowles  station,  were  observed  long  cracks 
on  both  sides  of  road-bed  and  parallel  with  it. 

At  Rantowles  station  (18  miles)  the  track  for  a  few  hundred  feet 
showed  no  appreciable  disturbance,  but  the  station-house  itself  was 
severely  shaken,  showing  the  presence  of  well-marked  vertical  com¬ 
ponents.  About  two  hundred  yards  beyond  the  station  the  track 
was  sharply  kinked  by  one  of  those  double  flexures  within  a  distance 
of  40  feet,  such  as  were  observed  along  the  South  Carolina  Rail¬ 
way.  Immediately  beyond  this  the  embankment  leading  across  a 
narrow  swamp  was  depressed  two  feet.  The  road-bed  showed  con¬ 
tinuous  disturbance  thenceforward  for  several  miles,  the  deflections 
being  both  lateral  and  vertical.  Usually  they  were  of  small  amount, 
but  in  several  places  they  were  very  considerable.  At  18  miles  4,500 
feet  the  3-foot  embankment  showed  a  depression  of  one  foot  with 
marked  indications  of  vertical  forces.  At  19  miles  the  lateral  de¬ 
flection  southward  was  25  inches,  and  this  displacement  had  been 
attained  gradually  through  a  distance  of  about  2,500  feet,  showing 
that  a  large  area  had  been  bodily  shifted.  _  The  southward  displace¬ 
ment  continued  to  increase  for  2,000  feet  more  until  its  ordinate 

became  50  inches.  It  was  complicated  with  minor  superposed  flex- 
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ings.  Along  this  part  of  the  tract,  beginningat  18£  miles,  the  crater- 
lets  reappeared  in  great  abundance  and  in  increasing  quantity  and 
size.  The  lateral  disturbances  reached  a  maximum  at  20f  miles. 
Beyond  that  point  the  sinuous  flexures  were  continuous  though 
the  final  displacements  were  comparatively  small.  These  continued 
until  the  22f-mile  point  was  reached,  when  they  rapidly  vanished. 
Here  the  road  passes  upon  higher  and  firmer  ground,  which  is  much 
less  liable  to  permanent  distortion  by  the  vorticose  motions  which 
characterize  the  epicentral  tract  of  a  great  earthquake.  The  crater- 
lets  also  continued  to  be  abundant  and  large.  Fissures  in  the  ground 
of  considerable  length  and  trending  a  little  north  of  east  and  south 
of  west  also  occurred.  Opposite  the  25-mile  point  and  about  a  quar¬ 
ter  of  a  mile  from  the  track  a  fissure  occurred  more  than  2,000  feet 
in  length  with  a  series  of  craterlets  upon  it. 

At  25  miles  600  feet  was  a  short  depression  of  the  road-bed  to  a 
depth  of  six  inches.  At  25  miles  4,500  feet  a  length  of  300  feet  of 
road-bed  was  depressed  a  foot  and  a  half.  At  26  miles  slight  sinuous 
flexures  reappeared  in  the  track,  and  again  at  a  little  beyond  the  27- 
mile  point.  The  craterlets,  however,  were  still  abundant  and  large. 
At  27  miles  the  road-bed  was  undermined  by  one  of  them,  which 
excavated  a  hole  8  feet  long,  6  feet  wide,  and  10  feet  deep.  In 
many  instances  craterlets  starting  beneath  the  road-bed  caused  de¬ 
pressions  in  it  and  choked  the  ditches  alongside  with  the  extrav- 
asated  sand.  At  27i  miles  there  was  a  slight  lateral  deflection  to 
the  southward,  followed  by  a  depression  of  the  road-bed  of  about 
four  inches.  Beyond  this  point  disturbances  to  the  railroad  were 
rare.  The  limiting  line  at  which  craterlets  were  found  was  near 
Adams  Run  (29f  miles). 

In  discussing  the  variations  of  intensity  along  this  railroad,  the 
observed  effects  of  the  earthquake  do  not  present  so  satisfactory  an 
aspect  as  those  along  the  line  of  the  South  Carolina  Railway.  They 
exhibit  anomalies  which  we  seem  forced  to  attribute  to  great  varia¬ 
bility  in  the  surface  and  shallow  subsurface  conditions,  producing 
great  differences  in  the  susceptibility  of  different  areas  to  the  shocks. 
As  we  leave  the  Ashley  River  going  westward,  we  find  hardly  any 
trace  of  the  earthquake  until  within  a  mile  of  the  Rantowles  bridge, 
where  we  suddenly  find  ourselves  in  the  midst  of  evidences  of  great 
violence.  But  on  the  other  side  of  the  epicentral  tract  the  indications 
of  violence  die  out  very  gradually.  There  may  arise,  therefore,  some 
difficulty  in  endeavoring  to  locate  the  critical  points  we  are  in  pur¬ 
suit  of.  The  curve  shown  in  Fig.  31  is  as  near  an  approximation  as 
I  am  able  to  make  to  a  graphic  representation  of  the  intensity  be¬ 
tween  the  15-mile  and  the  25-mile  points.  The  normal  intensity  curve 
which  approaches  most  nearly  to  it  is  drawn  in  dotted  lines.  Indi¬ 
cations,  however,  were  abundant  to  the  effect  that  the  true  epicen- 
trum  was  not  upon  the  line  of  the  railroad,  but  situated  to  the  north 


LATERAL  DISPLACEMENT  OF  RAILROAD  TRACKS  NEAR  RANTOWLES. 


GEOLOGICAL  SURVEY  ‘  NINTH  ANNUAL  REPORT  PL.  XXV 


HUTTON.  ] 


TIIE  EPICENTRAL  TRACTS. 


307 


of  it.  The  horizontal  components  of  motion  showed  a  tendency  to 
convergence  in  a  point  north  of  the  railroad.  In  order  to  arrive  at 
more  definite  determinations  it  is  necessary  to  review  the  observed 
facts  along  other  lines.  Unhappily  they  are  much  more  scanty  than 
those  disclosed  in  the  Woodstock  tract.  The  country  is  an  alternation 
of  pine  forest  and  swamps,  with  a  few  cabins  and  still  fewer  cottages. 
Structures  and  natural  objects  which  could  retain  traces  of  the  work 
of  the  earthquake  are  few,  and  even  these  few  are  not  very  instruct¬ 
ive.  The  most  frequent  and  most  characteristic  traces  were  the 
fissures  in  the  ground,  some  of  them  giving  vent  to  sand  and  water, 
others  yielding  nothing. 

We  may  with  advantage  examine  next  the  traces  of  the  earthquake 
along  a  line  extending  north  and  south  through  Rantowles  station, 
and  in  its  vicinity  we  shall  find  enough  to  give  some  notion  of  the 
varying  power  and  characteristics  of  the  shock.  In  a  northward 
direction  from  Rantowles  the  country  is  an  alternation  of  forest  and 
swamp,  with  a  few  spaces  of  higher  and  drier  ground.  The  earth 
itself  was  here  cracked  and  fissured,  but  the  openings,  though  show¬ 
ing  active  craterlets  in  abundance,  did  not  yield  those  copious  out¬ 
pours  of  water  and  sand  which  appeared  in  such  great  quantity  to 
the  westward.  Two  miles  north  of  Rantowles  a  badly  shattered 
chimney,  the  isolated  relic  of  some  old  dwelling,  was  the  first  sug¬ 
gestive  object  encountered.  It  was  riven  with  cracks  at  the  base 


and  a  few  feet  at  the  top  had  been  shaken  off,  indicating  an  action 
similar  to  that  at  Summerville  and  Lincoln  ville.  A  mile  and  a  half 
farther  northward  is  what  is  known  as  the  Wilkins  place.  Here 
were  some  more  decided  and  instructive  vestiges.  An  isolated  pillar 
which  had  served  as  a  gate-post,  12  feet  high  and  2  feet  square,  built 
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of  imported  English  brick  with  shell-lime  mortar,  was  snapped  off  8 
inches  above  the  ground.  The  plane  of  fracture  passed  through  the 
bricks  and  not  through  the  mortar.  The  upper  mass  was  appar¬ 
ently  projected  N.  80°  E.,  so  that  the  edge  rested  upon  the  ground 
19  inches  from  the  base.  The  upper  part  of  the  fallen  mass  was 
further  shattered,  and  some  of  the  bricks  came  to  rest  20  feet  distant 
from  the  base.  (Fig.  32. )  Mr  Sloan  infers  an  accelerating  force  here 
of  very  exceptional  magnitude.  Near  by  this  gate-post  stood  the 
walls  of  a  brick  building  which  had  been  burned.  They,  with  their 
chimneys,  were  precipitated  east  and  west.  A  little  more  to  the  north¬ 
ward  a  large  chimney  entirely  isolated  from  buildings  was  broken 
25  feet  above  the  base,  falling  on  all  sides  in  ruins. 

Diverging  here  to  the  eastward  of  our  north  and  south  line,  and 
crossing  Rantowles  Creek,  we  find  upon  the  eastern  bank  Bradley’s 
Phosphate  Works.  The  mining  plant,  though  rudely  shaken,  was 
not  materially  damaged,  being  substantially  framed  and  not  sus¬ 
ceptible  to  injury.  But  a  considerable  number  of  wooden  buildings 
in  the  vicinity  with  brick  chimneys  were  universally  injured;  the 
chimneys  being  severely  cracked,  broken  off,  and  in  some  instances 
collapsed. 

Proceeding  northward  along  the  line  of  section  general  indications 
of  violence  were  found  to  be  maintained  for  nearly  two  miles  and 
then  began  to  show  marked  evidences  of  diminution.  In  the  exam¬ 
ination  of  the  southward  section  of  the  W oodstock  tract  the  intensity 
was  noted  as  falling  off  quite  materially  after  passing  the  Ashley 
River.  Here  we  meet  that  line  of  section,  and  note  again  an  inter¬ 
vening  minimum  of  intensity  between  the  two  epicentral  tracts. 

We  may  next  examine  the  country  south  of  the  Charleston  and 
Savannah  Railway.  Here,  too,  the  indications  are  meager.  The 
craterlets,  however,  are  abundant  and  often  large,  discharging  pro¬ 
digious  quantities  of  water  and  sand.  About  two  miles  south  of 
Rantowles  station,  upon  an  elevated  bluff  near  the  Wadmalaw 
River,  a  large  two-story  wooden  building  suffered  severe  strain  in  a 
southeasterly  direction,  its  plastering  on  the  walls  coursing  southeast 
being  severely  cracked,  and  the  partition  wall  on  the  second  floor 
being  widely  parted  to  the  southeastward.  In  this  neighborhood 
also  were  a  few  small  wooden  structures  disclosing  very  sensible  in¬ 
juries,  the  chimneys  being  either  prostrate  or  seriously  cracked  and 
strained.  These  small  wooden  houses  generally  show  no  damage 
from  any  but  the  most  intense  shocks.  Crossing  the  Wadmalaw 
River,  other  houses  of  similar  character  were  found  showing 
severely  cracked  chimneys.  Descending  the  Wadmalaw  River  to¬ 
wards  the  southwest,  about  two  miles  from  the  large  house  above 
mentioned,  an  isolated  high  chimney  was  found  to  have  collapsed 
with  great  violence,  the  fragments  falling  mostly  to  the  westward. 
A  mile  and  a  half  to  the  west  of  this  spot  a  number  of  chimneys 
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were  prostrated,  prevailingly  to  the  southwest.  In  this  vicinity  the 
craterlets  were  developed  on  a  great  scale,  extra vasating  large  floods 
of  water  and  volumes  of  sand,  and  in  some  of  the  holes  small  trees 
were  engulfed. 

At  New  Cut  Landing,  on  the  east  bank  of  the  Wadmalaw,  was  a 
square  wooden  building,  three  stories  high,  with  two  interior  chim¬ 
neys.  One  of  them  was  broken  off  six  feet  below  the  top  and  pro¬ 
jected  clear  of  the  eaves  to  the  ground.  The  other  was  sheared  off 
and  rotated  in  situ.  The  great  height  of  this  building  may  account 
in  part  for  the  distance  to  which  the  first  chimney  was  thrown;  the 
amplitude  of  motion  increasing  in  proportion  to  the  height. 

Mr.  Sloan  continued  the  examination  along  this  line  southward 
to  the  seacoast,  and  drew  from  his  examination  the  conclusion  that 
the  intensity  was  better  maintained  than  along  transverse  lines;  that 
the  isoseismals  showed  a  marked  tendency  to  a  very  elongated  con¬ 
figuration  towards  the  south.  He  believed,  from  the  examination 
of  the  “sea  islands”  east  and  southeast  of  the  starting  point  (Ran- 
towles  station),  that  the  intensity  along  easterly  lines  faded  out 
much  more  suddenly  and  conspicuously.  In  the  attempt  to  deline¬ 
ate  his  estimates  of  intensity  by  isoseismal  lines,  as  shown  in  PI. 
XXVII,  he  has  greatly  emphasized  this  impression.  I  am  unable 
to  judge  of  the  soundness  of  his  deductions  because  of  the  uncertain 
character  of  the  data  set  forth  in  his  notes.  On  the  other  hand,  the 
general  impressions  obtained  by  so  careful  and  prudent  an  observer 
as  Mr.  Sloan  are  entitled  to  great  weight;  for  the  experienced  geo¬ 
logical  field  observer  is  well  aware  that  his  convictions  are  in  similar 
cases  based  in  a  great  measure  upon  very  many  facts  which  are  not 
capable  of  being  reduced  to  a  formal  description  in  writing.  Yet  it 
has  seemed  to  me  that  this  distortion  of  the  isoseismals  may  perhaps 
in  some  measure  be  more  apparent  than  real,  and  may  be  in  part 
explained  by  the  lack  of  evidence.  It  will  be  noted  that  there  is  a 
large  tract  of  country  east  of  the  Rantowles  bridge  from  which  there 
is  not  a  single  observation  recorded.  In  one  of  his  supplementary 
notes  he  says: 

Along  middle  and  east  of  John’s  Island  [which  lies  in  the  southeastei'ly  quarter 
from  the  Rantowles  bridge]  damage  inappreciable.  But  few  chimneys  severely  dam¬ 
aged.  Legareville  but  slightly  affected.  Indications  of  violence  increase  as  -we  ap¬ 
proach  Boliicket  Creek  [which  is  near  the  mouth  of  the  North  Edisto  and  southwest 
from  Legareville]. 

As  regards  the  northwestern  part  of  John’s  Island,  he  merely 
notes  that  small  buildings  showed  “chimneys  severely  cracked.” 
At  a  considerable  distance  to  the  southeast,  in  an  old  churchyard, 
two  large  slabs,  over  four  feet  high  and  six  inches  thick,  set  into 
their  bases  with  cement  and  with  iron  pins,  were  overthrown.  He 
further  informs  me  that  the  absence  of  indications  of  great  energy 
upon  John’s  Island  is  all  the  more  surprising  because  there  are 
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numerous  objects  there  which  might  have  been  expected  to  show 
them. 

Northwest  of  the  Rantowles  epicentrum  there  is  a  similar  want  of 
evidence.  For  the  first  two  or  three  miles,  however,  the  ground 
itself  betrayed  the  most  emphatic  signs.  The  craterlets  were  very 
numerous  and  large  and  many  of  the  fissures  long  and  wide.  The 
line  of  section  soon  passes  into  swamp  and  forest,  where  no  indica¬ 
tions  appeared. 

Altogether  it  is  apparent  that  the  Rantowles  epicentral  tract  is 
defective  in  evidence,  and  it  is  not  possible  to  represent  the  distribu¬ 
tion  of  the  energy  with  such  detail  as  in  the  Woodstock  tract.  It  is 
not  so  defective,  however,  as  to  be  valueless,  and  we  shall  proceed  to 
extract  from  it  whatever  the  observed  facts  may  justify. 


CHAPTER  IV. 

THE  DEPTH  OF  FOCI. 

The  earliest  attempt  to  estimate  by  rational  methods  the  depth  at 
which  an  earthquake  originated  was  made  by  Mr.  Robert  Mallet  in 
his  celebrated  work  upon  the  Neapolitan  earthquake  of  1857.  His 
method  was  founded  upon  the  following  considerations:  An  earth¬ 
quake  tremor  is  a  wave  in  an  elastic  medium  (the  earth),  having 
much  in  common  with  a  wave  of  sound  in  the  air.  From  the  center 
or  locus  of  disturbance  it  is  propagated  in  every  possible  direction. 
The  seat  of  the  tremor  at  any  instant  of  time  is  a  thin  spherical 
shell  whose  center  is  the  origin  of  the  impulse.  The  principal  motions 
which  it  causes,  and  those  which  occasion  the  greatest  and  most  con¬ 
spicuous  damages  to  structures,  are  vibrations  in  a  direction  coinci¬ 
dent  with  the  radius  of  the  spherical  shell.  If  then,  in  Fig.  33,  O 
represent  the  origin  of  the  disturbance,  AB  a  line  upon  the  surface 
of  the  ground,  and  the  concentric  circles  about  O  be  the  sections 
made  by  a  vertical  plane  through  a  succession  of  wave-shells,  the 
direction  of  the  principal  vibration  at  any  point  (for  instance,  P), 
will  be  in  the  direction  of  a  radius  OP.  The  angle  APO  he  terms 
the  angle  of  emergence.  If  the  angles  of  emergence  could  be  accu¬ 
rately  determined  at  two  or  more  localities  they  would  at  once  fur¬ 
nish  the  means  of  computing  the  situation  of  the  focus.  For  by  the 
hypothesis  they  diverge 
from  it;  and  conversely, 
knowing  their  divergence, 
their  point  of  convergence 
at  once  follows.  It  there¬ 
fore  turns  upon  the  prac¬ 
ticability  of  determining 
the  angle  of  emergence. 

Granting  that  more  or  less 
error  must  attend  any  such  determinations,  Mallet  proposed  to  make 
a  large  number  of  them,  in  the  belief  that  the  error  of  the  mean  re¬ 
sult  would  be  very  much  smaller  than  the  probable  error  of  any  sin¬ 
gle  observation.  To  ascertain  the  angle  of  emergence  he  relied  upon 
cracks  produced  in  brick  walls ;  his  view  being  that  under  the  sharp, 
powerful  blow  of  an  earthquake  wave  near  the  epicentrum  these 
cracks  would  show  a  conspicuous  tendency  to  arrange  themselves 
in  lines  and  planes  perpendicular  to  the  direction  of  wave  motion. 

It  is  very  generally  agreed  by  most  seismologists  that  the  cracks 

311 


312 


THE  CHARLESTON  EARTHQUAKE. 


produced  in  buildings  do  not  follow  the  rule  laid  down  by  Mr.  Mallet. 
Nor  are  the  motions  in  the  epicentral  tract  so  pronouncedly  of  the 
“normal”  character,  nor  so  free  from  transverse  components,  that 
the  true  angle  of  emergence  would  be  directly  disclosed  by  the 
cracks  even  if  they  did  tend  to  arrange  themselves  perpendicularly 
to  the  direction  of  the  most  powerful  incident  forces.  This  method 
of  arriving  at  the  desired  result,  therefore,  must  inevitably  be  futile. 
Undoubtedly,  the  normal  vibrations,  which  in  the  epicentral  tract 
have  directions  near  the  vertical,  are  often  more  conspicuously  dis¬ 
played  iu  that  tract  than  elsewhere;  but  this  is  not  sufficient.  It  may, 
however,  be  of  great  use  as  corroborative  evidence  whenever  the 
vertical  motion  is  conspicuously  revealed. 

In  a  subsequent  report,  presented  by  Mallet  to  the  British  Associa¬ 
tion  for  the  Advancement  of  Science  at  its  Leeds  meeting  in  1858, 
he  set  forth  another  method,  which  he  believed  might  be  available, 
under  favorable  conditions  for  computing  the  depth  of  the  focus. 
His  view  was  as  follows:  The  efficiency  of  a  normal  vibration  in  over¬ 
throwing  standing  objects  depends  upon  two  quantities;  first,  the 

energy  of  the  vibration  itself;  second,  the  di¬ 
rection  in  which  it  is  exerted.  The  energy  of 
vibration,  in  common  with  all  forms  of  vibra¬ 
tory  energy  which  radiate  from  a  center,  de¬ 
creases  in  a  ratio  proportional  to  the  inverse 
square  of  the  distance  from  the  origin.  The 
direction  in  question  is  the  horizontal  compo¬ 
nent  of  the  normal  wave.  This  is  zero  at  the 
epicentrum,  and  increases  as  we  recede  from  it. 
The  net  result  of  these  two  opposing  quantities 
(intensity  and  direction)  is,  that  the  power  to 
overthrow  objects  has  a  maximum  value  in 
any  given  normal  wave  when  its  true  angle  of  emergence  is  54°  44' 
9".1  There  is  a  closed  circuit  around  the  epicentrum  approximating 


1  The  proof  given  by  Mallet  is  as  follows:  Let  A,  in  Fig.  84,  be  the  origin  of  the 
wave  and  B  the  epicentrum.  It  is  required  to  find  a  point,  C,  at  which  the  horizon¬ 
tal  overthrowing  effects  of  an  impulse  in  the  direction  AC  whose  intensity  varies 
inversely  as  the  square  of  the  distance  shall  be  a  maximum.  Produce  AC  to  d 
and  complete  the  parallelogram  of  forces,  fd  being  parallel  to  the  horizon.  Let 

BA  =  a,  the  depth  of  the  origin:  BC  —  r,  the  distance  from  the  epicentrum  when  the 
horizontal  force  is  a  maximum;  AC=  the  normal  due  to  r  as  radius;  and  the  angle 


c  de=BAC  =  0. 


The  force  at  C  in  the  direction  AC  is 


1 


a 2  -f-r: 


a’ 


and  that  in  the  direc¬ 


tion  of  the  horizon  is  sm — and  as  sin  0=  ,  AA  we  have  — — — -  a  maxi- 

a!+r2  Vtf+r'2  (a2+r2)* 

mum.  Differentiating  dr  (a2+r2A — 3  r2  dr  (a2-|-r2)  *  =  0  :  whence  i — ~  - .  That  is 

v  2 

to  say,  r  :  a  : ;  1  :  \/2.  For  this  proportion  the  value  of  the  angle  of  emergence  must 
be  54°  44'  9".  Admitting  Mr.  Mallet’s  premises,  his  mathematical  work  and  con¬ 
clusion  are  quite  correct.  (Rept.  of  the  28th  Meeting  of  the  British  Association  for 
the  Advancement  of  Science,  p.  101.) 
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more  or  less  nearly  to  a  circle  where  this  maximum  overthrowing 
force  ought  to  manifest  itself,  unless  the  topographic  features  and 
conditions  of  ground  in  general  are  extremely  irregular.  This  circle 
may  be  regarded  as  the  base  of  an  inverted  cone  whose  apex  is  at 
the  origin  or  focal  point  and  every  line  from  the  focus  to  this  circle 
meets  its  plane  at  the  foregoing  angle.  The  position  and  depth  of 
the  focal  point  at  once  follows,  whenever  we  can  locate  the  position 
of  the  circle  of  maximum  overthrowing  effect. 

The  objections  to  this  method  Mallet  has  pointed  out.  The  argu¬ 
ment  proceeds  upon  the  assumption  that  the  critical  circle  of  maxi¬ 
mum  overthrow  is  to  be  ascertained  by  discriminating  the  effects  of 
normal  waves  alone.  The  transverse  waves  are  neglected.  If  the 
effects  employed  for  this  purpose  were  produced  at  a  very  great  dis¬ 
tance  from  the  origin  and  at  a  low  angle  of  emergence,  such  a  discrim¬ 
ination,  though  still  difficult,  might  in  favorable  cases  be  possible. 
But,  as  they  occur  near  the  epicentrum  with  a  high  angle  of  emer¬ 
gence,  the  transverse  waves  can  not  he  neglected;  neither  can  their 
effects  he  readily  discriminated  from  those  of  normal  waves.  Here 
the  combination  of  the  two  waves  is  not  only  intricate,  but  it  is  far 
more  so  than  Mallet  supposed. 

In  a  preliminary  notice  of  some  of  the  results  obtained  by  the  study 
of  the  Charleston  earthquake  read  by  Mr.  Everett  Hayden  and  my¬ 
self  before  the  National  Academy  of  Sciences,  in  April,  1887,  a  dif¬ 
ferent  method  was  proposed  of  dealing  with  the  facts,  with  a  view 
to  deriving  from  them  an  estimate  of  the  depth  of  the  focal  point. 
It  was  then  suggested  that  under  favorable  conditions  the  variation 
of  intensity  along  lines  radiating  from  the  epicentrum  ought  to 
manifest  an  approximate  agreement  with  a  theoretical  law  easily 
found  and  expressed  in  mathematical  terms,  and  from  which  the 
depth  could  be  inferred.  In  seeking  for  the  facts  upon  the  ground 
which  might  indicate  this  variation,  no  attempt  should  he  made  to 
separate  transverse  from  normal  vibrations,  but  the  estimate  of  in¬ 
tensity  should  take  account  of  the  total  energy  irrespective  of  direc¬ 
tion  or  kind  of  vibration.  The  full  power  of  the  wave  must  make 
itself  felt  at  the  surface  somehow,  and  must  disclose  effects  propor¬ 
tional  to  its  intensity  if  there  is  any  object  susceptible  to  its  vibra¬ 
tions  so  placed  as  to  receive  them.  According  to  the  plan  proposed  it 
was  only  needful  to  study  the  variation  of  intensity  along  given  lines 
upon  the  ground,  and  it  was  unnecessary  to  trouble  ourselves  with 
attempts  to  discriminate  between  normal  and  transverse  effects.  Let 
us  first  proceed  to  find  the  typical  law  in  accordance  with  which  the 
intensity  should  vary  along  a  straight  line  upon  the  ground  passing 
through  the  epicentrum.  Let  O  be  the  focal  point  situated  at  the 
depth  q,  beneath  the  epicentrum  E.  (Fig.  35.)  Let  the  intensity  of 
the  shock  (amount  of  energy  per  unit  area  of  wave  front)  at  the  dis¬ 
tance  unity  from  O  he  denoted  by  a.  Since  the  intensity  is  inversely 
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proportional  to  the  square  of  the  distance,  the  intensity  at  the  epi- 


y 


centrum  would  be  %.  Take  any  other  point 


E 


on  the  surface  of  the  earth  at  the  distance  x 
from  the  epicentrum  and  connect  it  with  O 
by  the  line  Ox—  r.  The  intensity  at  any  such 


•  •  CL 

point  will  be  2.  If  we  denote  the  intensity 


r 


o 


at  any  point  x  by  the  symbol  y  we  shall  have 
the  equation; 


Fig.  35.  Diagram. 


^  r2  q2+.r2' 


This  equation  expresses  a  curve  which  will  serve  as  a  graphic  rep¬ 
resentation  of  the  way  in  which  the  intensity  varies  along  a  line 
radiating  from  the  epicentrum.  The  first  noteworthy  feature  of  this 
curve  is  the  contrast  between  the  rapidity  with  which  the  intensity 
diminishes  near  the  epicentrum  and  the  slowness  with  which  it  di¬ 
minishes  at  great  distances  from  it.  Thus,  at  a  distance  from  the 
epicentrum  equal  to  the  depth  of  the  focus  the  intensity  has  fallen 
one-half;  at  twice  that  distance,  to  one-fifth;  at  three  times  the 
same  distance,  to  one-tenth  of  the  intensity  of  the  epicentrum.  It 
will  be  noticed  that  the  curve  has  a  point  of  inflection  in  each  of  its 
two  branches.  At  that  point  its  inclination  to  the  line  Ex  is  greatest. 
The  corresponding  phase  of  intensity  which  this  point  of  inflection 
denotes  is,  that  at  a  distance  from  the  epicentrum  equal  to  the  ab¬ 
scissa  of  the  point  of  inflection  the  intensity  declines  most  rapidly. 
If  we  were  to  start  from  the  epicentrum  and  travel  in  a  straight  line 
away  from  it  we  should  find  the  intensity  diminishing  slowly  at  first, 
but  more  and  more  rapidly  until  we  found  it  dying  out  with  a  maxi¬ 
mum  rapidity.  Proceeding  still  farther,  it  would  continue  to  decline, 
but  at  a  diminishing  rate  of  change.  The  point  at  which  the  rate  of 
decline  is  greatest  corresponds  to  the  abscissa  of  the  point  of  inflec¬ 
tion.  We  are  assuming,  of  course,  that  the  intensity  manifests  itself 
in  accordance  with  the'law  of  the  inverse  square  of  the  distance  from 
the  origin,  and  that  it  is  not  obscured  materially  by  local  inequalities 
of  the  ground.  Similarly  in  all  directions  from  the  epicentrum  and 
at  equal  distances  from  it  there  should  be  a  point  where  the  intensity 
varies  with  maximum  rapidity.  The  locus  of  maximum  variation  is 
therefore  a  circle,  whose  center  is  the  epicentrum.  If,  now,  we  can 
find  the  dimensions  and  true  position  of  that  circle,  the  depth  at 
once  follows.  There  are  several  remarkable  properties  of  this  index- 
circle,  as  I  shall  call  it,  which  we  will  proceed  to  discuss. 

To  find  a  general  expression  for  the  position  of  the  point  of  in¬ 
flection  in  any  intensity  curve  drawn  in  a  vertical  plane  through  the 
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epicentrum.  we  have  only  to  take  the  equation  of  that  curve  already 
found 


and  differentiating  it  twice,  place  the  value  of  the  second  differential 
co-efficient  equal  to  zero: 

(Py  _8ax*— 2a(q* +xa) 

(lP~  (q'+xY 

which  equation  is  satisfied  when 


±x= 


y= 


3  a 

4  •  ? 


In  this  value  of  x  it  is  seen  that  the  constant  a  (intensity  at  unit 
distance)  has  disappeared,  and  the  abscissa  of  the  point  of  inflection 
is  independent  of  the  original  energy  of  the  shock,  and  is  dependent 
upon  the  depth  alone.  The  meaning  of  this  is,  that  the  distance  from 
the  epicentrum  to  the  point  where  the  rate  of  decline  of  intensity  is 
greatest  is  simply  proportional  to  the  depth  of  the  focus,  and  is  equal 
to  that  depth  divided  by  the  square  root  of  3.  It  is  unaffected  by 
the  original  intensity  of  the  shock.  This  property  of  the  point  of 
inflection  makes  us  independent  of  any  absolute  standard  of  measure¬ 
ment  for  the  intensity,  and  all  that  we  require  is  to  find  the  points 
where  the  intensity  falls  off  most  rapidly.  The  depth  of  the  focus 
follows  at  once. 

Nor  is  it  necessary  Jthat  we  should  establish  by  independent  evi¬ 
dence  the  position  of  the  epicentrum.  For  if  we  can  locate  satis¬ 
factorily  the  position  of  the  circumference  of  the  index-circle,  the 
epicentrum  must  be  the  center  of  it;  in  other  words,  it  is  inferred 
and  not  established  by  direct  observation. 

If  we  imagine  the  intensity  curve  to  be  revolved  around  the  “  seis¬ 
mic-vertical”  (the  vertical  line  at  the  epicentrum)  as  an  axis,  it 
will  generate  a  surface  resembling  one  of  the  cymbals  used  in  an 
orchestra.  Let  us  call  such  a  figure  an  “indicator.”  Then  every 
earthquake  shock  must  have,  ideally  at  least,  its  own  “indicator.” 
Its  form  and  dimensions  for  any  earthquake  wave  will  depend  upon 
two  quantities  only;  first,  the  original  intensity  of  the  shock  at  the 
focus  or  at  unit  distance  from  the  focal  point;  and,  second,  the  depth 
of  the  focus.  The  dimensions  of  the  “index-circle”  will  depend 
upon  one  quantity  only,  the  depth  of  the  focal  point.  This,  however, 
proceeds  upon  certain  assumptions  which  may  or  may  not  be  real¬ 
ized  in  the  actual  earthquake.  It  assumes  that  the  shock  originated 
not  indeed  in  a  point,  which  would  be  wholly  inadmissible  except 
as  a  mathematical  abstraction,  but  in  a  subterranean  tract  which 
was  sensibly  spherical  or  which  had  three  co-ordinate  dimensions 
(say  length,  breadth,  and  thickness)  about  equal.  It  also  assumes 
that,  the  intensity  truly  follows  the  law  of  the  inverse  square  of  the 
distance.  How  closely  these  assumptions  are  conformed  to  in  the 
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actual  occurrence  of  the  earthquake  is  a  question  for  future  consid¬ 
eration.  We  are  concerned  at  present  only  with  conditions  which 
may  be  regarded  as  typical.  The  consequences  of  modifying  con¬ 
ditions  must  be  treated  by  themselves.  With  this  understanding 
we  may  next  inquire  how  the  form  of  our  indicator  is  affected  by 
varying  values  of  the  two  quantities  which  determine  it,  viz,  depth 
of  focus  and  original  energy  of  the  shock. 

Let  us  first  suppose  that  the  total  energy  of  the  shocks  in  several 
earthquakes  is  the  same,  but  that  the  depth  varies.  The  first  series  of 
curves  (Fig.  36)  will  represent  relatively  the  varying  surface  inten¬ 
sities.  Rotating  each  curve  about  the  seismic 
vertical  will  give  the  forms  and  dimensions 
of  the  “  indicators.”  The  index-circles  would 
have  radii  simply  proportional  to  the  several 
depths  of  foci.  The  shallower  focus  would 
give  a  vastly  greater  intensity  in  the  epicen- 
tral  tract;  but  as  the  distance  from  the  epi- 
centrum  increased  the  intensity  due  to  the 
shallow  focus  would  approximate  rapidly  the  Fig.  36.  Intensity  curves,  va- 
intensity  due  to  the  deeper  ones.  At  a  very  »*»">' <*&•' 
great  distance  the  intensity  would  be  sensibly  the  same  whether  the 
focus  were  shallow  or  deep,  provided  the  original  energy  of  the  shock 
were  the  same. 

The  second  series  of  curves  (Fig.  37)  is  conditioned  upon  the  as¬ 
sumption  that  the  depths  of  several  shocks 
are  the  same,  but  that  the  total  energy 
varies  as  between  the  different  shocks. 
Here  the  radii  of  the  several  index-circles 
are  all  equal,  but  the  intensity  varies  at 
all  distances,  and  is  everywhere  propor¬ 
tional  in  a  simple  ratio  to  the  energy  of 
the  shock;  the  comparisons  being  made  be 
tween  the  effects  of  different  shocks  at 
equal  distances  from  the  origin.  In  these 
curves  the  ordinates  corresponding  to  any  abscissa  are  proportional 
to  each  other  in  a  simple  ratio.  In  the  first  series  (Fig.  36)  they  are 
proportional  to  each  other  in  a  duplicate  ratio. 

The  third  series  (Fig.  38)  represents  the  effect  of  varying  both  the 
energy  and  the  depth,  but  subject  to  the  condition  that  the  intensity 
at  the  epicentrum  is  constant. 

How  nearly  the  observed  intensities  in  the  field  may  approach  the 
purely  theoretical  intensities  is  a  question  which  can  be  settled  only 
by  actual  trial.  Undoubtedly  considerable  discrepancy  must  be  ex¬ 
pected  in  most  cases.  The  variable  character  of  the  soil  and  of  the 
strata  near  the  surface  may  influence  considerably  the  manifestations 
of  energy.  There  is,  moreover,  the  liability  to  error  in  estimating 


Fig.  37.  Intensity  curves,  constant 
depth,  variable  energy. 
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the  comparative  intensity  from  different  kinds  of  effects.  Localities 
which  were  violently  shaken  may  preserve  less  conspicuous  and  sug¬ 
gestive  traces  than  others  more  lightly  shaken,  and  thus  mislead  us 
in  estimating  the  relative  intensities.  Nevertheless  it  is  believed 
that  whenever  the  examination  of  an  epicentral  tract  and  of  the  coun¬ 
try  around  its  borders  is  sufficiently  thorough,  and  when  the  num¬ 
ber  of  indications  is  large,  these  difficulties  will  not  be  sufficient  to 
completely,  or  even  very  largely,  obscure  the  true  relations  and  the 
true  rates  of  variation  of  the  intensity. 

And  if  we  proceed  to  construct  an 
“indicator”  from  the  estimated  in¬ 
tensities,  we  shall  in  most  cases  find 
it  approximating  to  some  one  of  the 
theoretical  forms  already  described. 

Let  us  proceed  to  construct  indicators 
for  the  two  epicentral  tracts  of  the 
Charleston  earthquake  and  see  how 
nearly  they  conform  to  rational  ones  derived  from  theory. 

PI.  XXYI  is  an  attempt  to  construct  indicators  for  the  two  adjoin¬ 
ing  epicentral  tracts  by  means  of  isoseismal  lines,  each  running 
through  points  at  which  the  surface  intensity  is  estimated  to  be  equal. 
These  lines  may  be  supposed  to  represent,  after  the  manner  of  a  con¬ 
tour  map,  a  convex  surface  erected  over  the  ground,  the  height  of  any 
point  being  proportional  to  the  intensity  at  the  corresponding  point 
upon  the  ground  beneath. 


Fig.  38.  Intensity  curves,  intensity  at  epi¬ 
center,  constant  depth,  variable  energy. 


THE  WOODSTOCK  FOCUS. 


In  the  Woodstock  tract  the  configuration  of  the  lines  is  nearly 
circular,  the  deformities  being  everywhere  slight.  It  will  be  noticed 
that  the  northern  portion  of  the  tract  is  left  incomplete.  The  reason 
for  this  may  be  inferred  from  the  description  of  Section  I,  given  in 
the  preceding  chapter.  The  evidence  from  that  quarter  is  scanty, 
indeed  almost  nothing.  Mr.  Sloan,  however,  interprets  this  absence 
of  evidence  as  indicating  a  low  intensity,  being  inclined  to  the  opin¬ 
ion  that  if  the  intensity  had  been  of  normal  degree  it  would  have 
disclosed  itself  by  indications  of  some  kind.  Not  feeling  qualified 
to  hold  an  opinion  of  my  own  (for  I  did  not  visit  this  part  of  the 
epicentral  tract)  and  yet  not  wholly  satisfied  with  Mr.  Sloan’s 
guarded  inference,  I  have  left  the  space  blank.  If,  indeed,  an  ex¬ 
tremely  pronounced  earthquake  shadow  really  occurred  here  the 
isoseismal  lines  would  make  deeply  re-entrant  curves  in  the  northern 
quarter  of  the  tract.  But  such  a  shadow  must,  if  real,  be  due  to 
some  cause  which  has  marked  the  surface  action  either  by  extin¬ 
guishing  the  energy  of  vibration  in  its  way  to  this  part  of  the  sur¬ 
face  or  by  failing  to  preserve  traces  of  it.  The  general  conclusion 
to  be  drawn  concerning  the  form  of  the  subterranean  focal  tract 
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is  not  (in  my  judgment,  at  least)  affected  by  this  apparent  defect  of 
intensity. 

There  is  but  one  other,  and  that  one  a  slight,  modification  of  Mr. 
Sloan's  interpretation  of  the  facts.  He  is  of  the  opinion  that  the 
isoseismal  curves  project  considerably  in  the  northeastern  quarter. 
In  this  direction  and  upon  the  ground  in  question  the  traces  of  the 
earthquake  were  unusually  numerous.  I  am  unable  to  place  the 
same  estimate  as  Mr.  Sloan  does  upon  the  relative  intensity  which 
they  indicate.  To  justify  this  northeastern  projection  the  intensity 
would  require  to  be  nearly  as  great  as  at  Ten-mile  Hill  or  at  Sum¬ 
merville,  and  his  descriptions  do  not  indicate  so  much.  Drawing 
the  isoseismals  as  approximate  circles  would  still  give  ample  in¬ 
tensity  in  this  locality  to  satisfy  a  liberal  interpretation  of  the 
effects  he  describes. 

With  the  data  before  us  we  can  locate  within  a  comparatively  small 
range  of  uncertainty  the  position  of  the  index-circle.  This,  it  will 
be  remembered,  is  the  theoretical  isoseismal  at  which  the  intensity 
diminishes  most  rapidly  as  we  recede  from  the  epicentrum.  In  the 
Woodstock  tract  it  is  inferred  to  have  a  radius  of  very  nearly  seven 
miles,  its  center  (the  epicentrum)  being  about  three-fourths  of  a  mile 
north  of  the  station  Woodstock.  If  we  follow  the  circumference  of 
this  circle  we  shall  find  it  fulfilling  the  requirements  of  an  index- 
circle  throughout  three-fourths  of  its  extent,  and  its  failure  in  the 
remaining  fourth  is,  with  a  very  high  degree  of  probability,  due  to 
the  want  of  evidence  of  any  kind.  Sometimes  there  is  reason  to  be¬ 
lieve  that  the  actual  point  of  greatest  variation  of  intensity  is  a  little 
within,  sometimes  a  little  without,  this  circle.  In  all  directions 
from  the  epicentrum,  wherever  the  facts  are  sufficiently  numerous 
and  characteristic  to  justify  an  estimate  of  these  variations,  confidence 
is,  felt  in  the  location  of  the  required  points  with  errors  not  exceed¬ 
ing  a  single  mile. 

The  resulting  depth  of  the  focal  point  is  about  twelve  miles,  with 
a  probable  error  of  less  than  two  miles.  It  is  the  product  of  the  ra¬ 
dius  of  the  index-circle  multiplied  by  the  square  root  of  3. 

That  the  seat  of  the  principal  shock  had  some  such  depth  as  this  is 
further  sustained  by  the  fact  that  within  the  index-circle  the  vertical 
components  were  always  extremely  forcible.  Sometimes  they  were 
as  far  outside  of  it,  and  they  seldom  failed  to  declare  themselves 
conspicuously  upon  its  periphery.  In  all  this  work  a  minor  impor¬ 
tance  has  generally  been  assigned  to  all  inferences  drawn  from  the 
direction  of  motion.  But  in  the  present  connection  the  clear  mani¬ 
festation  of  vertical  components  is  of  more  significance.  These  must 
in  the  main  be  due  to  normal  waves,  and  when  their  effects  are  so 
pronounced  and  cover  so  large  an  area  we  are  justified  in  assigninga 
deep  origin  to  the  shocks. 

Is  it  possible  to  infer  from  the  data  obtained  in  the  Woodstock 
epicentral  tract  anything  concerning  the  form  and  dimensions  of 
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the  subterranean  seat  of  the  shocks?  In  reply  to  this  question  it 
may  be  said  that  no  very  definite  inference  seems  practicable.  Un¬ 
doubtedly  dhe  almost  circular  configuration  of  the  isoseismals  sug¬ 
gests  a  very  compact  focus  and  one  whose  horizontal  extent  was  not 
great.  Its  greatest  horizontal  dimension,  in  other  words,  is  inferred 
to  be  much  less  than  the  radius  of  the  index-circle.  Nor  does  there 
appear  to  be  any  satisfactory  indication  of  the  direction  in  which 
the  longer  horizontal  dimension,  if  any  such  there  were,  extended. 
This  inference,  if  valid,  would  necessitate  the  rejection  of  the  idea 
that  the  earthquake  was  associated  with  a  widely  extended  faulting 
movement,  shearing  the  rocky  strata  along  a  course  of  many  miles. 
Nor  has  evidence  of  any  kind  been  found  of  a  movement  of  such  a 
character  in  the  country  round  about.  The  sluggish,  low-grade 
river  channels  in  the  vicinity  would  serve  as  extremely  delicate  tests 
of  any  displacement;  but  though  these  have  been  carefully  exam¬ 
ined,  they  give  no  sign  of  it. 

THE  RANTOWLES  FOCUS. 

» 

The  construction  of  isoseismals  and  an  indicator  for  the  Rantowles 
epicentral  tract  is  a  work  of  much  difficulty,  because  the  data  are 
less  numerous  and  decisive.  They  are,  however,  sufficient  to  ena¬ 
ble  us  to  ascertain  its  most  important  characters.  The  construction 
is  represented  in  PI.  XXVII.  It  is  obvious  at  a  glance  that  the  tract 
is  a  much  smaller  one  than  the  Woodstock  tract;  and  the  curves, 
instead  of  being  circular,  are  oval.  I  fully  agree  with  Mr.  Sloan 
that  the  elongation  in  a  north  and  south  line  is  well  sustained  by 
the  evidence.  In  endeavoring  to  assign  a  depth  to  the  focus  it  is  ob¬ 
vious  enough  that  the  index-circle  (perhaps  it  would  be  better  to  say 
index-circuit  in  this  instance)  should  be  measured  by  the  shorter  or 
transverse  diameter  through  the  epicentrum,  and  not  by  the  longer 
axis.  In  that  event  the  first  critical  point  of  greatest  rate  of  change 
in  the  intensity  would  be  located  about  a  mile  east  of  the  Rantowles 
bridge,  and  the  opposite  point  about  nine  miles  to  the  west  of  the 
first.  Thus  the  radius  of  the  index-circle  would  be  about  four  and 
a  half  miles  in  length,  and  the  resulting  depth  of  the  focal  point 
would  be  about  seven  and  four-fifths  miles — or  say  nearly  eight 
miles.  The  oval  form  of  the  isoseismals  indicates  an  elongated  form 
for  the  seat  of  action,  its  major  axis  extending  north  and  south. 

The  existence  of  a  third  epicentrum  was  at  first  inferred  in  the 
neighborhood  of  Dorchester,  on  the  bank  of  the  Ashley  River.  This 
inference  arose  from  the  very  striking  manifestations  of  energy  at 
the  old  church  tower  upon  the  banks  of  the  river,  where  some  large 
and  wide  fissures  were  formed.  Subsequent  examination,  however, 
showed  that  these  indications  would  not  bear  the  interpretation 
placed  upon  them,  for  when  brought  into  comparison  with  other 
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facts  it  became  obvious  that  the  exceptional  manifestations  were 
due  to  exceptional  conditions,  while  the  general  tenor  of  a  wider 
range  of  facts  indicated  only  a  normal  amount  of  energy.  For  in¬ 
stance,  the  tower  of  the  old  Dorchester  church,  being  a  high  and 
relatively  slender  pile,  would  naturally  be  more  affected  at  its  sum¬ 
mit  than  lower  structures  on  broader  foundations.  The  great  cracks 
at  the  river  bank  were  produced  by  a  sliding  towards  the  channel  of 
the  river,  an  occurrence  which  was  repeated  at  many  other  places, 
where  there  was  no  other  indication  of  abnormal  intensity,'  and  in¬ 
deed  in  several  localities  where  the  intensity  was  notably  less  than 
was  generally  the  case  within  the  epicentral  tract.  In  the  neigh¬ 
borhood  of  Dorchester  there  were,  besides  the  two  phenomena  just 
mentioned,  no  others  to  indicate  abnormal  intensity,  nor  indeed  any 
special  occurrences  clearly  attributable  to  an  independent  focus  and 
epicentrum. 


CHAPTER  Y. 

THE  EARTHQUAKE  THROUGHOUT  THE  COUNTRY. 

In  describing  the  effects  of  the  earthquake  throughout  the  coun¬ 
try  at  large,  it  is  difficult  to  fix  upon  any  particular  order  of  men¬ 
tion  which  shall  be  logical  and  coherent.  The  table  given  in  the 
appendix  is  a  condensed  statement  of  the  reports  from  all  locali¬ 
ties;  but  it  is  a  quarry  of  facts  rather  than  a  structure.  To  build  a 
structure  or  to  arrange  the  facts  in  any  suggestive  order  is  almost 
impossible.  For  want  of  any  better  method,  I  shall  begin  by  setting 
forth  such  information  as  is  at  hand  concerning  the  effects  in  the 
regions  immediately  outside  of  the  epicentral  tract,  and  in  which 
the  earthquake,  though  not  calamitous  nor  highly  destructive,  was 
still  energetic  enough  to  cause  considerable  injury  and  to  thor¬ 
oughly  terrify  the  whole  population.  As  might  be  expected,  this 
region  forms  an  irregular  belt  or  ring  surrounding  the  epicentral 
tract,  and  having  an  exterior  diameter  of  fully  100  miles.  Within 
this  belt  it  failed  of  being  more  or  less  disastrous  because  there  was 
comparatively  little  to  destroy.  The  country  is  a  part  of  the  great 
coastal  plain  of  Carolina,  containing  a  considerable  number  of 
small  villages  and  an  agricultural  population.  Buildings  of  stone 
or  brick  are  comparatively  rare  outside  of  the  large  cities,  and  none 
of  them  are  lofty  enough  to  be  greatly  affected  by  the  cumulated 
swing  due  to  repeated  impulses.  Thus  the  injuries  produced  were 
mostly  of  the  minor  sort — the  overthrow  of  chimneys  and  the 
shaking  down  of  plastering.  The  few  brick  structures,  however, 
were  severely  cracked,  and  often  left  in  a  dangerous  condition,  while 
several  instances  are  given  of  their  virtual  demolition.  The  wooden 
structures  all  suffered  more  or  less  injury  by  the  straining  of  timbers 
and  shattering  of  glass  and  general  destruction  of  plastering. 

A  large  part  of  the  area  now  under  discussion  is  a  low  country, 
abounding  in  swamps  and  mostly  covered  with  pine  forest.  It  is  a 
country  little  suited  for  the  preservation  of  the  traces  of  such  a  catas¬ 
trophe.  The  majority  of  the  population  are  black,  and  they  live  in 
cabins  constructed  of  logs,  or  in  other  structures  equally  primitive, 
with  chimneys  composed  of  sticks  embedded  in  clay.  The  towns  and 
villages,  which  are  scattered  about,  are  not  so  prosperous  as  those 
situated  farther  inland  along  the  Piedmont  region,  and  they  rarely 
contain  structures  which  would  be  liable  to  serious  damage  by  any 
earthquake,  however  violent.  The  earth  itself,  however,  sometimes 
9  geol - 21  321 
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preserved  traces  which  are  suggestive.  A  considerable  number  of 
reports  state  that  sink-holes  were  formed  by  the  shocks,  in  which 
the  ground  sank  in  various  amounts  ranging  from  a  few  inches  to 
over  20  feet.  None  of  these  were  large,  the  maximum  being  about  GO 
feet  in  diameter.  These  sinks  were  on  the  whole  quite  numerous, 
over  seventy  being  reported  within  a  distance  of  sixty  miles  from 
the  epicentrum,  and  very  probably  there  were  many  more  of  which 
no  mention  has  been  made. 

All  accounts  within  the  region  speak  of  the  loud  roar  of  the  earth¬ 
quake.  Most  of  them  describe  it  as  a  deep  rumbling  noises  welling 
into  a  loud,  harsh  roar,  in  which  detonating  sounds  or  rattlings  were 
intermingled.  One  writer  very  tersely  and  graphically  describes 
it  as  thunder  in  the  ground  instead  of  in  the  air.  Some  accounts 
assert  that  the  rumbling  was  heard  before  the  quaking  was  felt;  others 
that  the  sound  and  the  tremors  were  perceived  simultaneously. 

There  is  also  substantial  agreement  that  the  undulatory  motion 
was  very  violent.  W ithin  80  miles  of  the  centrum  all  accounts  speak 
of  the  difficulty  of  standing  while  the  earthquake  was  at  its  maxi¬ 
mum.  Some  say  that  they  found  it  necessary  to  cling  to  fences  and 
trees  for  support,  and  that  the  trees  themselves  swayed  as  if  bent  by 
a  powerful  gale.  Others  speak  of  falling  while  seeking  to  gain  safety 
by  flight.  As  is  usual  in  such  cases,  no  two  persons  agree  as  to  the 
direction  of  motion,  and  from  what  we  know  of  the  nature  of  the 
movements  caused  by  an  earthquake  no  agreement  is  to  be  expected. 
Some  of  the  most  interesting  reports  come  from  the  light-houses 
along  the  coast  of  South  Carolina.  The  short  and  quick  vibrations 
of  individual  tremors  would  probably  not  affect  such  structures  more 
than  ordinary  buildings,  but  the  long  undulations  would  be  greatly 
magnified  at  the  tops  of  high  towers.  As  the  undulatory  movement 
is  reported  from  all  parts  of  the  country  affected,  it  is  thought 
best  to  insert  here  the  reports  from  light-houses  within  the  100-mile 
limit,  which  are  so  well  calculated  to  exhibit  it,  and  also  to  indicate 
how  far  such  movements  may  be  general  and  how  far  they  are  com¬ 
plicated  with  other  movements.  It  will  appear  from  the  accounts 
that  undulatory  motion,  though  common,  was  by  no  means  uni¬ 
versal. 

BULL’S  BAY  LIGHT  STATION. 

Bull’s  Island,  South  Carolina,  25  miles  northeast  of  Charleston.  The  tower  is  35 
feet  high.  The  house  shook  so  that  it  jumped  the  lens  off  the  pedestal.  All  the 
shocks  came  from  the  southwest.  The  first  shock  was  felt  at  9.45  p.  m.  The  others 
“came  every  five  minutes  up  to  2  o’clock,  then  about  every  half  hour  up  to  10 
o’clock  the  next  day.”  (Compare  with  number  of  shocks  at  Charleston  and  at  light¬ 
house  on  Morris  Island.) 

CAPE  IIOMAIN  LIGHT  STATION. 

On  Raccoon  Key,  10  miles  southwest  of  the  entrance  of  Santee  River,  South  Caro¬ 
lina.  The  tower  is  150  feet  high.  The  keeper  was  in  his  house  when  the  shock  came. 
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A  gradually  increasing  rumbling,  ‘  ‘  sounding  something  like  a  battery  of  artillery  or  a 
troop  of  cavalry  crossing  a  long  bridge,”  was  heard  before  the  shock  in  a  west-south¬ 
west  direction.  “  In  less  than  a  minute  came  the  shocks,  the  first  one  lasting  about 
two  minutes,  the  next  one  about  as  long,  and  about  two  minutes’  interval.  Shocks, 
only  a  little  less  severe  than  the  first  two,  were  felt  at  intervals  during  the  night. 
The  shocks  did  the  tower  no  injury,  but  its  vibration  was  very  great.”  Every¬ 
thing  on  the  shelves  and  “  a  trap-door  that  leaned  back  at  an  angle  of  forty-five 
degrees”  were  thrown  down.  “All  of  the  shocks  seemed  to  be  of  a  quick,  rotary 
motion.”  “  It  seemed  a  miracle  that  the  tower  and  dwellings  were  left  standing,” 
but  “  little  or  no  damage  was  done  to  either,  with  the  exception  of  a  chimney  thrown 
down  and  others  cracked.”  About  a  thousand  cranes  nest  on  the  key  during  the 
summer  months,  and  these  were  flying  about,  “  making  a  fearful  noise,”  during  the 
shock. 

GEORGETOWN  LIGHT  STATION. 

Entrance  to  the  Pee  Dee  River  and  harbor  of  Georgetown ,  S .  C.  The  shock  ‘  ‘  lasted 
about  one  minute,”  and  was  preceded  by  a  rumbling  noise  as  of  thunder,  “the 
sound  coming  from  the  eastward.”  “The  tremor  seemed  to  be  east  and  west.” 
Eight  or  more  shocks  were  felt,  the  first  being  the  severest.  “  The  shock  was  ver¬ 
tical.” 

CAPE  FEAR  LIGHT  STATION. 

Northwest  end  of  Smith's  Island,  entrance  to  Cape  Fear  River,  North  Carolina. 
Two  shocks  were  felt  on  August  31.  The  motion  of  the  first  “lasted  about  ten 
seconds,  was  somewhat  undulating,  and  passed  from  northwest  to  southeast.”  The 
shocks  were  strong  enough  ‘  ‘  to  crack  and  break  glass  (lamp)  chimneys  in  the 
tower.” 

CHARLESTON  LIGHT  STATION,  ON  MORRIS  ISLAND. 

The  tower  is  150  feet  high.  The  keeper,  who  was  standing  at  the  door  of  the 
tower,  heard  a  rumbling  noise,  and  at  the  same  time  felt  the  earth  tremble,  which 
increased  until  it  had  a  strong  tearing  and  jerking  motion.  ‘  ‘  It  subsided  gradually.  ” 
The  tower  “shook  and  trembled  terribly.”  “The  first  shock  lasted  about  thirty 
seconds.  The  second  shock  succeeded  the  first  not  over  two  minutes,”  causing  the 
same  movements  of  the  tower,  but  was  not  quite  so  severe.  “After  the  second 
shock  he  went  up  into  the  lantern  of  the  tower.  When  the  third  shock  occurred, 
its  force  was  such  as  to  almost  prevent  him  from  standing  on  his  feet.  The  lens 
swung  from  southeast  to  northwest,  back  and  forward,  about  three  or  four  times  in 
a  second.  After  the  third  shock  there  were  several  moderate  ones.”  Eighteen 
were  counted  up  to  the  evening  of  September  1.  “  The  lens  swung  from  southeast 

to  northwest  until  about  the  twentieth  shock,  when  it  swung  from  northeast  to 
southwest,  afterwards  swinging  in  different  directions.”  There  were  many  fissures 
in  the  ground,  from  3  to  4  inches  wide  and  from  10  to  100  feet  in  length,  some  run¬ 
ning  northeast  and  southwest,  some  northwest  and  southeast.  “  Two  considerable 
cracks,”  besides  smaller  ones,  were  afterwards  found  in  the  masonry  of  the  tower, 
which  maintained  its  proper  position. 

FORT  SUMTER  LIGHT  STATION. 

“  The  first  shock  lasted  about  forty -three  seconds  and  later  ones  from  three  to  five 
seconds.  One  chimney  was  overthrown,  and  the  frame  houses  were  badly  shaken. 
The  first  severe  shocks  came  with  a  decided  jar,  were  succeeded  by  a  tremulous 
motion,  and  appeared  to  come  horizontally.” 
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HUNTING  ISLAND  LIGHT  STATION. 

At  the  entrance  to  St.  Helena  Sound,  South  Carolina.  The  iron  tower  is  121  feet 
high,  and  “  shook  so  violently  that  the  two  assistant  keepers  in  the  watch-room  at 
the  top  could  not  stand  up  without  holding  on  to  the  railing.  The  second  assistant 
keeper  was  on  the  balcony  near  the  top  of  the  tower  when  the  shock  occurred.  He 
was  thrown  from  the  dome  to  the  balcony  railing  back  and  forth.  When  the  shock 
first  commenced  it  seemed  like  a  tremor,  but  increased  so  violently  that  it  seemed 
as  though  the  bed  had  been  raised  from  the  floor  and  shaken  with  great  violence.” 
Tire  first  shock  seemed  to  come  horizontally,  but  a  fortnight  afterwards,  when  the 
keeper  was  in  the  tower,  a  light  shock  occurred  which  seemed  to  come  vertically, 
“  as  though  some  great  power  was  thumping  underneath  the  base  of  the  tower,”  but 
“  not  strong  enough  to  shake  it.” 

HILTON  HEAD  RANGE  LIGHTS. 

On  Hilton  Head  Island,  South  Carolina.  The  keeper  wras  in  his  house,  near  the 
tower.  “The  first  shock  lasted  about  fifty  or  sixty  seconds;  the  others  from  ten  to 
twenty  seconds.”  Ten  shocks  were  felt  the  first  hour.  “  The  whole  tower  shook 
and  heaved  like  a  small  boat  in  a  heavy  sea”  during  the  first  shock,  which 
“came  from  the  southwest;  the  others  appeared  to  come  from  the  northeast,  and 
before  each  one  was  heard  a  rushing  sound,  like  the  distant  boom  of  large  guns.” 

PARIS  ISLAND  RANGE  LIGHTS,  SOUTH  CAROLINA. 

The  report  from  this  station  is  not  clear.  “  The  motion  continued  for  about  one 
and  a  half  minutes,”  apparently  referring  to  the  first  shock.  “  There  were  seven  or 
eight  shocks,”  which  are  described  as  being  “moderate,”  although  the  keeper 
“  thought  the  tower  was  coming  down,  and  ran  out.”  “  They  seemed  to  come  hori¬ 
zontally.”  No  other  shock  is  recorded  at  this  station  until  March  5. 

DAWFUSKIE  ISLAND  RANGE  LIGHT,  SOUTH  CAROLINA. 

“  The  first  shock  lasted  fully  fifty  seconds.  It  came  like  the  roaring  of  a  prairie 
fire.  There  were  nine  shocks  in  all  during  the  night.  The  first  shock  occurred 
at  9.25  p.  m.,  local  time,”  and  was  the  most  severe.  “  That  at  9.30  seemed  like  a 
trembling  wave,  passing  by  in  one  second.  That  at  9.34  lasted  fully  forty  seconds, 
and  was  severe.  That  at  9.40  was  accompanied  by  a  rumbling  noise,  lasting  a  few 
seconds.  That  at  10  lasted  three  seconds,  and  was  accompanied  by  the  same  rum¬ 
bling  noise.”  “That  at  10.16  lasted  about  five  seconds,  and  passed  like  a  wave.” 
“  That  at  12.40  lasted  about  five  seconds.  It  sounded  like  a  shot  from  a  rifle-cannon, 
and  passed  with  the  same  sort  of  noise  that  a  cannon-ball  would  have  in  passing 
through  the  air.”  Others  occurred  later,  and  all  seemed  to  be  a  jar  vertically. 
“  No  damage  was  done  to  any  buildings,  walls,  or  chimneys.” 

BLOODY  POINT  RANGE  LIGHTS. 

Southeast  end  of  Dawfuskie  Island,  South  Carolina.  “  The  shock  lasted  from  one 
to  two  minutes.  The  first  noise  was  heard  as  a  great  wave  of  water  swashing  up 
against  the  back  of  the  house.  *  *  *  This  was  immediately  followed  by  a  rattling 
noise,  as  of  a  great  number  of  heavy  men  with  big  boots  on  tramping  to  and  fro  on 
the  back  piazza.  In  an  instant  the  same  sort  of  crowd  seemed  to  have  taken  posses¬ 
sion  of  the  front  piazza,  and  each  platoon  was  trying  to  outmarch  the  other.  *  *  * 
Now  these  heavy  shod  feet  seemed  to  have  reached  the  roof  and  the  upper  floors. 
Then  a  roaring  noise  came,  booming  underground,  as  of  heavy  cannonading.  Dur¬ 
ing  this  time  the  house  lamp  was  jumping  like  it  was  lifted  and  let  drop  by  a 
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string;  the  house  shivered;  then  seemed  to  be  shoved  in  a  horizontal  plane;  then  the 
motion,  noise,  and  all  together  was  Of  riding  in  a  car  which  had  left  the  rails  and  was 
bumping  over  the  ties  on  a  bridge  or  trestle;  loose  things  on  all  sides  were  tum¬ 
bling  about,  adding  no  little  to  the  frightful  effect.”  The  motions  and  noises  grad¬ 
ually  subsided,  then  stopped.  The  keeper  immediately  ran  to  the  beach,  a  few 
yards  distant.  “  There  was  no  change  in  anything  outside;  the  water  did  not  seem 
to  have  been  in  the  least  affected.  ”  “  There  were  nine  distinct  shocks  during  the 

night.”  The  second  “  lasted  perhaps  half  a  minute,  and  ceased  at  9.55.”  “  It  set 
things  jingling.”  “Five  minutes  later  the  third  shock  came,”  and  “seemed  to 
affect  the  house  differently  from  either  of  the  others  in  a  way  difficult  to  describe. 
The  keeper  had  a  feeling  of  nausea,”  not  before  experienced,  and  his  family  were 
similarly  affected.  *  *  *  “  It  was  quite  a  violent  quake.  That  the  house  would 
tumble  from  the  brick  piers  on  which  it  was  built  seemed  certain.  All  the  succeed¬ 
ing  shocks  were  less  severe.  There  was  a  lull  from  12.46  a.  m.  until  4. 33  a.  in.,  when 
a  shock  was  felt  that  seemed  to  approach  the  station  from  a  point  a  little  west  of 
north,  passing  off  to  sea.”  The  direction  of  the  preceding  shocks  is  not  plainly  re¬ 
corded,  the  only  statement  being  that  they  approached  “  the  back  of  the  house.” 

TYBEE  ISLAND  LIGHT  STATION,  GEORGIA. 

Entrance  to  Savannah  River.  Four  strong  shocks  were  felt  from  9.30  to  10  p.  m., 
local  time.  The  first  shock  “continued  about  ninety  seconds,  and  was  accompa¬ 
nied  by  a  heavy  rumbling  noise,  similar  to  thunder  underneath.”  The  tower  is  of 
brick,  and  134  feet  high.  The  wall  was  cracked  about  midway,  where  it  is  six  feet 
thick.  The  lens,  weighing  about  a  ton,  was  moved  one  and  a  half  inches  to  the 
northeast. 

Throughout  this  region  the  terror  and  consternation  of  the  people 
was  great.  Nearly  the  whole  population  passed  the  night  out  of 
doors.  The  negroes  were  panic-stricken,  devoting  the  night  to  those 
wild  ecstacies  of  prayer,  wailing,  and  mutual  exhortation  so  char¬ 
acteristic  of  the  race  in  the  Black  Belt.  The  white  population,  less 
demonstrative  and  more  self-contained,  were  still  impressed  with 
the  gravest  apprehensions,  not  knowing  whether  the  forcible  move¬ 
ments  already  experienced  might  not  be  the  precursors  of  some 
catastrophe. 

The  100-mile  circle  contains  two  considerable  cities  besides  Charles¬ 
ton,  from  which  circumstantial  accounts  of  the  effects  of  the  earth¬ 
quake  have  been  received,  namely,  Savannah,  Ga.,  and  Columbia, 
S.  C.  Each  city  is  about  ninety  miles  distant  from  the  epicentrum; 
Columbia  to  the  northwest  and  Savannah  to  the  southwest.  The 
shaking  was  very  forcible  and  alarming,  but  in  neither  place  was  it 
disastrous.  It  was  certainly  more  vigorous  in  Columbia  than  in 
Savannah. 

Of  the  effects  in  the  latter  city  a  very  good  description  has  been 
given  by  Signal  Service  Observer  Richard  Graham.  His  account 
is  as  follows: 

The  first  shock  occurred  at  9  25  p.  m.  (standard  time)  of  August  31,  at  which  time 
the  office  clock  stopped,  and  the  time  as  noted  by  the  observer’s  watch,  immediately 
after  the  first  shock,  wa°  C  -  53m  30s.  Captain  New,  of  the  British  steam-ship  Annie, 
lying  at  Tybee  Roads,  informed  the  observer  that  he  timed  the  shock  by  his  cliro- 
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nometer,  and  that  the  duration  was  1™  40.  The  shock  was  preceded  by  a  rumbling 
noise,  which  increased  to  a  loud  roar.  The  first  rumbling  was  accompanied  by  os¬ 
cillations  from  southwest  to  northeast,  and  as  the  roar  increased  the  oscillatory  or 
rocking  movement  changed  to  violent  and  quick  vibrations,  which,  after  attaining  a 
maximum,  appeared  to  subside  gradually  as  the  noise  became  fainter.  The  window 
rattled  violently,  and  five  panes  of  glass  were  broken.  The  ceiling  and  walls  of 
the  office  were  cracked  in  several  places,  from  which  small  pieces  of  plaster  and  fine 
mortar  dropped  to  the  floor.  At  9.58  p.  m.  another  light  shock  occurred,  also  ac¬ 
companied  by  rumblings  and  slight  oscillations.  At  10  p.  m.  a  third  shock  was  expe¬ 
rienced;  this  last,  though  not  so  violent  as  the  first,  was  of  much  greater  intensity 
than  the  second,  and  was  accompanied  by  a  rumbling  noise  and  quick  vibrations, 
lasting  about  thirty  seconds.  The  third  shock  may  be  noted  as  moderate — No.  8  in 
measure  of  intensity.  [Professor  Rock  wood’s  scale.]  The  shocks  were  apparently 
felt  with  equal  violence  in  all  parts  of  the  city.  Some  persons  in  the  streets  and 
in  the  parks  at  the  time  of  the  occurrence  state  that  the  ground  suddenly  moved 
up  and  down  with  a  wave-like  motion,  making  it  difficult  to  retain  an  upright  po¬ 
sition,  while  others  again  reported  a  violent  trembling  and  shaking  of  the  earth. 
On  Bay  street,  about  two  hundred  yards  in  ;  n  east-nortlieasterly  direction  from 
the  signal  office,  a  crack  about  twenty  feet  long  appeared  in  the  ground.  The  statue 
surmounting  the  Pulaski  monument  was  moved  out  of  position  about  six  inches. 
(Fig.  39.)  Chandeliers  were  shaken  to  the  floor;  pictures  and  ornaments  were 
thrown  down,  and  large  squares  of  plate  glass  were  shattered. 

In  order  to  obtain  accurate  report  of  the  damage  to  buildings,  and  to  determine 
app  oximately  the  intensity  of  the  earthquake  at  Savannah,  the  observer  called  on 
the  city  surveyor,  and  was  informed  by  that  official  that  up  to  the  present  time  Ins 
examination  has  shown  ten  buildings  to  have  been  seriously  damaged  by  the 

shock  — walls  or  gables  being  so  damaged  as  to  necessitate  re¬ 
moval  —  and  240  chimneys  are  more  or  less  damaged.  Fur¬ 
ther  examination  will  probably  run  the  number  of  damaged 
chimneys  up  to  300.  It  should  be  stated  that  the  damage  to 
walls  and  gable-ends  in  all  cases  occurred  in  very  old  build¬ 
ings,  or  where  the  work  was  of  a  flimsy  character.  None  of 

Fig.  39.  Displacement  the  newer  buildings  of  the  city  have  suffered  damage  beyond 
Savannah*  Monument  at  the  cracking  of  walls  and  shaking  down  of  plastering. 

Respecting  the  statue  on  the  Pulaski  monument,  the  fol¬ 
lowing  may  be  given  as  indicating  in  some  measure  the  direction  of  movement  of 
the  seismic  wave: 

The  monument  faces  south  and  north,  and  the  statue  on  top  of  the  column 
was  moved  six  inches  along  the  top  of  the  shaft  in  an  easterly  direction  and  two 
towards  the  north;  the  distance  between  the  northeast  corner  of  the  shaft  and  the 
statue  was  six  inches,  and  the  distance  from  the  southeast  corner  was  eight  inches. 
Fig.  39  shows  the  position  of  the  statue  after  the  earthquake: 

The  reports  given  by  the  newspapers  from  dispatches  sent  over 
the  country  by  the  various  press  associations  are  best  summarized 
in  the  account  in  the  New  York  Tribune  of  September  2.  It  agrees 
with  the  more  diffuse  accounts  given  by  the  Savannah  papers,  and 
with  those  contained  in  a  large  number  of  letters  of  individuals : 

[New  York  Tribune,  September  2,  1886. — Special.] 

Savannah,  September  1. 

Savannah  has  never  been  more  terrified  than  it  was  last  night  and  to-day. 
At  9.28  ii.  m.  yesterday  a  severe  shock  of  earthquake  struck  the  city,  and  in  an  in¬ 
stant  everything  was  in  confusion.  The  first  intimation  of  its  coming  was  the 
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approach,  apparently  from  a  northwesterly  direction,  of  a  sound  resembling  the 
crackling  of  a  wall  preceding  the  collapse  of  a  brick  building.  Almost  at  the  same 
time  the  earth  swayed,  chimneys  toppled  down,  plastering  fell  in  houses,  and  orna¬ 
ments  and  other  articles  on  tables  and  mantels.  Revivals  were  in  progress  in  two 
negro  churches,  and  in  the  panic  several  women  fainted  and  fell  and  were  severely 
injured  by  the  crowds  who  rushed  over  them.  One  negress  died  from  fright.  Ne¬ 
groes  ran  about  the  streets  lamenting  and  crying  to  the  Almighty  for  protection. 
People  in  every  part  of  the  city  rushed  from  their  dwellings  and  sought  safety  in 
the  open  places.  Several  persons  were  struck  by  falling  bricks,  but  received  no 
serious  injury.  Two  white  women  in  different  parts  of  the  city  leaped  from  second 
story  windows,  and  suffered  broken  bones,  but  were  not  fatally  hurt.  One  of  the 
women  had  a  babe  in  her  arms,  but  it  escaped  unhurt.  The  entire  force  of  fifty  or 
more  men  in  the  Morning  News  building  ran  into  the  street,  and  it  was  over  an  hour 
before  the  printers  could  be  induced  to  return  to  work  in  the  sixth  story  of  the 
building,  where  the  effect  of  the  shock  was  more  severe  than  on  the  street.  Com¬ 
munication  in  every  direction  by  telegraph  was  cut  off,  and  the  Western  Union 
operators  fled  in  affright.  Over  an  hour  later  the  press  circuit  was  renewed,  but 
the  line  to  Charleston  and  the  North  was  not  recovered  until  this  afternoon. 

Nearly  every  building  in  the  city  was  more  or  less  damaged  by  the  shock.  While 
small  in  most  individual  instances,  the  financial  loss  in  the  aggregate  will  be  con¬ 
siderable.  In  Broughton  street,  the  principal  thoroughfare,  the  west  wall  of  a  small 
brick  store  fell,  and  in  Bay  street  the  upper  corner  of  a  three-story  brick  build¬ 
ing  fell  to  the  roof  of  an  adjoining  structure.  The  first  shock  was  followed  after 
an  interval  of  two  or  three  minutes  by  two  additional  shocks,  each  of  which  was 
nearly  as  severe  as  the  first.  Later  in  the  night,  at  intervals  of  an  hour  or  more, 
seven  additional  shocks  were  felt.  None  of  these,  however,  equaled  the  first  three 
in  severity.  Entire  families  spent  the  night  on  chairs  in  the  middle  of  the  streets 
and  other  open  places,  and  the  number  of  people  who  slept  was  small. 

The  shocks  at  Columbia,  S.  C. ,  judging  from  all  accounts,  were  more 
forcible  than  at  Savannah.  The  first  two  impulses,  which  appear  to 
have  corresponded  to  the  two  maxima  already  described  at  Charles¬ 
ton,  threw  the  whole  city  into  a  state  of  terror.  The  swaying  of  build¬ 
ings  was  very  great;  the  jarring,  like  that  of  a  wagon  rumbling  over 
a  stony  pavement,  was  excessive,  shaking  down  plaster,  chandeliers, 
crockery  and  light  objects,  and  producing  a  loud  rattle,  which,  added 
to  the  subterranean  roaring,  caused  the  greatest  consternation.  The 
cracking  of  brick  walls  was  apparently  much  more  common  than  at 
Savannah.  The  undulatory  motion  of  the  earth  is  described  by 
many  as  being  so  great,  that  for  a  few  seconds  walking  was  extremely 
difficult  and  possible  only  with  great  care  and  attention  to  the  foot¬ 
steps.  Still  no  instances  have  been  reported  of  the  demolition  of  any 
buildings. 

The  most  remarkable  circumstance,  however,  connected  with 
Columbia  is  the  fact  that  a  considerably  greater  intensity  is  indi¬ 
cated  for  that  city  than  for  the  localities  to  the  southeast  of  it  nearer 
to  the  centrum.  There  is,  indeed,  a  belt  of  country  along  the  Pied¬ 
mont  region  where  the  same  state  of  affairs  prevailed,  and  this  belt 
cqincides  with  a  marked  change  in  the  geologic  formations.  It  is 
that  belt  where  the  Tertiary-Cretaceous  system  of  marls,  sandstones, 
clays  and  quicksands  forming  the  great  coastal  plain  and  lower  Pied- 
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mont  region  terminate  and  the  more  ancient  metamorphic  crystal¬ 
line  rocks  appear.  In  South  Carolina  and  in  adjoining  portions  of 
Georgia  and  North  Carolina  the  unconformable  contact  of  the  older 
and  later  rocks  is  found,  stretching  from  northeast  to  southwest. 
Towards  the  ocean  are  the  later  formations,  while  to  the  northwest¬ 
ward  lie  the  older  rocks  of  the  Southern  Appalachian  region.  A  line 
drawn  from  the  earthquake  centrum  to  Columbia  would  cross  the  line 
of  contact  of  the  two  stratigraphic  systems  almost  perpendicularly. 
The  earthquake  impulses  leaving  the  centrum  declined  in  energy 
towards  the  northwest  at  a  rate  which  seems  to  be  a  natural  one,  so  far 
as  can  be  judged  from  the  accounts  at  hand.  But  as  they  approached 
the  line  of  contact  of  the  younger  beds  with  the  older,  the  energy 
seems  to  have  increased  for  a  time  as  the  waves  sped  onward.  Thus 
at  Orangeburgh,  which  is  32  miles  nearer  the  centrum  than  Colum¬ 
bia,  the  account  given  by  Prof.  R.  Means  Davis  leaves  little  doubt 
that  the  violence  of  the  shocks  was  notably  less.  Nor  was  Orange¬ 
burgh  exceptional  in  this  respect  when  compared  with  other  localities 
similarly  situated  with  reference  to  the  contact  lines  of  the  strata. 
Similar  accounts  indicating  a  more  moderate  energy  come  from  many 
other  places  in  the  same  county;  also  from  Barnwell,  Williston, 
Statesburgh,  Camden  Junction,  and  Sumter.  But  if  we  proceed 
northwestward  from  these  places  until  we  reach  the  older  metamor¬ 
phic  rocks  we  find  traces  of  increased  vigor. 

Thus  Augusta,  in  Georgia,  just  beyond  the  100-mile  circle,  was 
shaken  with  great  violence.  Many  buildings  were  seriously  dam¬ 
aged.  At  the  arsenal  two  heavy  walled  buildings  used  as  officers’ 
quarters  were  so  badly  shattered  that  reconstruction  was  necessary. 
Many  cornices  were  dislodged  and  it  is  estimated  that  more  than  a 
a  thousand  chimneys  were  overthrown.  People  residing  in  brick 
dwellings  refused  for  several  days  to  enter  them,  and  found  lodgings 
in  wooden  houses  or  camped  in  the  streets  and  gardens.  So  great 
was  the  alarm  felt,  that  business  and  society  were  for  two  days  as 
fully  paralyzed  as  in  Charleston.  Every  one  was  in  a  state  of  ap¬ 
prehension  that  the  worst  was  yet  to  come  and  the  only  thing  to  be 
thought  of  was  safety.  Indeed,  among  all  the  large  cities  of  the 
South  the  general  tenor  of  the  reports  indicates  that  Augusta  stands 
next  to  Charleston  in  respect  to  the  degree  of  violence  of  the  shocks 
and  the  consternation  of  the  people. 

Augusta  is  built  in  close  proximity  to  the  contact  of  the  newer  and 
older  strata,  and  starting  from  that  city  it  will  be  of  interest  to  fol¬ 
low  this  line  of  contact  northeastward.  In  detail  the  course  is  more 
or  less  sinuous.  A  few  miles  to  the  northeast  of  Augusta  is  a  little 
railway  station  named  Langley,  where  a  small  tributary  of  the  Sa¬ 
vannah  River  has  been  dammed  to  secure  a  water  power.  The 
ground  in  this  neighborhood,  which  is  a  loose  soil  thinly  covering 
harder  rocks  below,  was  in  many  places  fissured  by  the  earthquake 
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and  opened  in  many  cracks,  some  of  which  were  several  inches  in 
width.  A  number  of  large  cracks  passed  through  the  dam,  opening 
passages  for  the  water  in  the  reservoir,  which  quickly  enlarged  the 
fissures.  The  country  below  was  quickly  aflood.  The  railway  track 
was  swept,  and  before  warning  could  be  given  a  passenger  train  ran 
into  the  flood  and  upon  the  broken  track,  where  it  was  wrecked,  with 
some  loss  of  life.  In  this  neighborhood  the  towns  of  Bath,  Granite- 
ville,  and  Vaucluse,  which  stand  upon  outcrops  of  crystalline  rocks, 
report  shocks  of  very  great  severity.  Still  farther  to  the  northeast¬ 
ward,  Batesburg,  Leesville,  and  Lexington  give  similar  reports. 
Passing  beyond  Columbia  along  the  same  line  of  contact,  we  find  re¬ 
ports  of  very  violent  shocks  at  Blytliewood,  Camden,  Chesterfield, 
and  Clieraw. 

Throughout  the  State  of  North  Carolina  the  vigor  of  the  shocks 
was  very  great.  Not  a  locality  which  has  been  interrogated  has 
failed  to  report  proofs  of  intensity  sufficient  to  arouse  and  alarm  the 
entire  population.  Not  a  village  escaped  minor  damages,  such  as 
the  loss  of  chimneys  and  plastering ;  and  wherever  brick  structures 
exist  the  accounts  of  cracked  walls  are  frequent.  There  is,  however, 
a  notable  difference  as  a  general  rule  between  the  eastern  part  of  the 
State  within  the  coastal  region  and  the  Piedmont  and  mountain  re¬ 
gion.  It  was  notably  less  forcible  in  the  coastal  plain.  In  Wilming¬ 
ton,  N.  C.,  the  shocks,  though  alarming  everybody  and  shaking 
buildings  with  an  energy  that  caused  no  little  apprehension,  did  not 
produce  the  complete  consternation  which  seized  upon  all  classes  in 
the  towns  and  cities  of  the  interior;  and  this  statement  holds  good 
in  full  view  of  all  qualifications  which  might  be  expected  to  arise 
from  the  different  distances  of  localities  from  the  centrum.  The 
light-houses  upon  the  North  Carolina  coast  suffered  but  little  from 
the  shock  and  rarely  gave  any  indications  of  a  great  amount  of 
disturbance.  There  are  many  indications  that  the  vast  masses  of 
littoral  deposits  of  unconsolidated  sands,  clays,  and  marls  along  the 
Atlantic  border  and  coastal  plain,  especially  in  the  Carolinas,  greatly 
tempered  and  modified  the  force  of  the  earthquake.  It  may  be  said 
that  they  “  cushioned”  the  shocks,  not  elastically,  but  by  actually 
dissipating  in  some  measure  portions  of  the  rays  of  energy  which 
here  affected  the  surface.  This  fact  gives  us  a  somewhat  different 
rate  or  law  in  the  variation  and  decline  of  intensity  as  we  proceed 
northeastward  along  the  coast  as  compared  with  the  rate  along  lines 
radiating  from  the  centrum  in  other  directions.  The  decline  of  in¬ 
tensity  is  abnormally  rapid  along  the  coast  for  the  first  150  or  200 
miles.  At  greater  distances  the  intensity  is  more  nearly  constant, 
being  maintained  by  the  energy  of  deeper  waves. 

Turning  to  the  Piedmont  and  mountain  regions  of  North  Carolina, 
we  find  indications  that  the  shocks  were  more  forcible  than  at  equal 
distances  along  the  coast.  At  Raleigh  (215  miles)  they  were  almost 
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as  severe,  and  I  am  led  to  infer  that  they  may  have  been  quite  as 
severe  as  at  Wilmington  (152  miles). 

[Associated  Press  Dispatch.] 

Raleigh,  N.  C.,  August  31. 

Earthquake  shocks  were  felt  here  to-night,  beginning  at  9.50  o’clock  and  continu¬ 
ing  nearly  six  minutes.  Buildings  rocked,  walls  cracked,  floors  broke  loose  from 
their  supports,  chimneys  fell,  and  lamps  were  overturned.  The  shocks  lasted  over 
five  minutes..  The  motion  of  the  earth  was  very  decided.  The  streets  rapidly  filled 
with  people,  screams  of  frightened  persons  could  be  heard,  and  negroes  were  in 
great  fear.  Such  decided  shocks  were  never  before  felt  here.  Reports  show  that 
the  shocks  were  felt  all  over  the  State.  At  Wilmington  they  were  very  severe  and 
came  near  wrecking  several  buildings.  It  is  safe  to  say  that  no  such  excitement 
was  ever  known  here  as  this  earthquake  has  caused.  The  shock  here  rang  the 
church  bells;  it  also  threw  down  plastering  and  rang  door  bells  in  houses.  The 
second  shock  came  at  10.4  and  lasted  about  half  a  minute.  The  third  shock  did 
not  come  until  10.30  and  was  very  slight.  It  shook  houses  very  sensibly,  however. 
The  movement  of  the  earth  from  the  west  was  very  perceptible.  In  the  first  shock 
houses  soon  acquired  a  swinging  or  oscillating  movement,  the  steadiness  of  which 
was  remarkable.  In  the  News  and  Observer  office  the  shaking  was  similar  to  that 
felt  in  the  press-room  when  engines  and  presses  are  running.  There  was  a  pause  of 
a  quarter  of  a  minute  in  the  first  shock,  when  the  earth  seemed  to  balance  itself. 
The  excitement  at  this  hour  (10.45)  is  not  at  all  abated.  Very  few  people  are  asleep 
and  nearly  all  houses  are  deserted.  Some  people  will  remain  out  of  doors  all  night, 
no  doubt,  through  fear.  The  weather  to-day  has  been  fine.  There  was  rain  at  8 
o’clock,  but  at  the  time  the  shock  came  the  sky  was  unclouded. 

[Associated  Press  Dispatch.] 

Asheville,  N.  C.,  September  1. 

At  9.45  o’clock  last  night  a  rumbling  like  that  of  the  running  of  heavy  machinery 
in  the  basement  of  the  houses  was  heard,  and  it  was  instantly  followed  by  a  rattling 
of  windows  and  furniture.  Those  who  had  retired,  and  even  those  sleeping,  were 
aroused  and  rushed  frightened  from  their  houses  into  the  streets.  Terror-stricken 
men,  women,  and  children,  in  night  dress,  crowded  the  streets  in  a  moment,  some 
carrying  their  babes  not  yet  awakened.  Heavier  grew  the  rumbling,  and  as  build¬ 
ings  began  to  shake  and  walls  to  vibrate  the  streets  and  open  places  were  sought  by 
the  rushing  crowds. 

The  earth  trembled  and  bells  tolled  in  the  church  towers,  and  the  people  in  con. 
sternation  prayed  or  stood  dazed  in  the  streets.  A  number  of  ladies  fainted.  The 
negroes  began  a  religious  meeting  in  one  of  the  churches,  which  was  kept  up  all 
night.  At  about  11  o’clock  another  shock  was  felt,  but  not  as  alarming  as  the  first. 
At  1  o’clock  there  wTas  another  shock,  and  the  last  shock  came  at  daylight.  None 
of  the  three  later  disturbances  were  anything  like  so  great  as  the  first,  but  at  1 
o’clock  a  sound  like  that  of  distant  heavy  cannonading  was  heard.  No  buildings 
were  shaken  down,  but  it  seems  wonderful  that  they  escaped.  Pictures  fell  from 
their  places  on  the  walls,  lamps  were  displaced,  and  chandeliers  swung  to  and  fro. 

At  Weaverville,  eight  miles  north  of  this  city,  a  congregation  stampeded  and  some 
women  and  children  were  injured.  The  services,  however,  were  continued,  and 
the  anxious  seat  was  crowded  with  penitents.  Near  Waynesville,  30  miles  to  the 
westward,  several  chimneys  were  thrown  down  by  the  shock.  At  Charlotte,  80 
miles  east,  two  houses  were  shaken  down  and  a  number  of  buildings  injured. 

At  Asheville  (220  miles),  at  Salisbury  (195  miles),  and  at  Char¬ 
lotte  (1G3  miles)  it  is  very  difficult  to  distinguish  from  the  accounts 
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at  hand  any  notable  differences  of  intensity  from  that  disclosed  at 
Raleigh.  In  the  mountain  regions  near  Asheville  the  shocks  are  re¬ 
ported  to  have  manifested  variable  force.  In  the  Black  Mountain 
they  were  accompanied  by  loud  explosive  sounds  and  heavy  rum¬ 
blings,  and  large  masses  of  rock  were  dislodged- from  several  steep 
ledges  and  rolled  down  into  the  valleys  below.  Other  small  towns  in 
the  neighboring  regions  report  a  decidedly  lower  degree  of  intensity. 

Passing  into  the  central  and  northwestern  part  of  South  Carolina 
we  find  every  accessible  point  in  the  State  reporting  shocks  of  con¬ 
siderable  violence,  alarming  the  whole  population.  The  reports  from 
this  section  are,  however,  insufficiently  detailed  and  precise  to  ena¬ 
ble  us  to  make  a  very  satisfactory  estimate  of  the  intensity.  The 
region  as  a  whole  is  a  mountainous  one,  and  the  effects  varied  con¬ 
siderably  even  in  adjoining  localities.  It  is  apparent,  however, 
that  in  the  vicinity  of  the  contact  line  between  the  older  and  younger 
rocks  already  referred  to  the  violence  was  not  only  great  but  uni¬ 
versally  distributed.  To  the  westward  and  northwestward  it  grad¬ 
ually  decreased,  so  that  in  the  northwestern  corner  of  South  Caro¬ 
lina  its  force  may  be  described  as  exciting  rather  than  alarming. 

From  the  eastern  part  of  Georgia  the  reports  are  very  numerous, 
and  they  all  indicate  a  high  degree  of  intensity.  The  condition  of 
the  people  was  one  of  consternation,  but  not  of  demoralization,  as  in 
South  Carolina.  The  negroes,  however,  betook  themselves  to  relig¬ 
ious  exercises  after  their  peculiar  manner  in  every  place  where  a  suf¬ 
ficient  number  of  them  could  be  got  together  to  make  a  “meeting.” 
Nor  were  the  whites  altogether  free  from  those  feelings  of  awe  and 
solemnity  which  incline  men  to  invoke  superhuman  aid  and  protec¬ 
tion.  The  damages  to  structures,  however,  were  all  of  the  minor 
kinds.  Many  chimneys  were  overthrown,  walls  were  slightly  cracked, 
and  plaster  dislodged.  Very  many  instances  are  also  reported  of 
lamps  overturned,  water  thrown  out  of  tanks,  cars  set  in  motion  upon 
side  tracks,  animals  filled  with  terror,  fowls  shaken  from  their  roosts, 
loose  objects  thrown  from  shelves  and  mantels,  pictures  banged 
against  the  walls,  chairs  and  bedsteads  moved  horizontally  upon  the 
floors,  trees  visibly  swayed  and  their  leaves  agitated  and  rustled  as 
if  by  a  strong  wind.  The  roar  of  the  earthquake  was  everywhere 
noted,  and  perhaps  there  was  no  characteristic  which  showed  a  more 
definite  relation  to  the  progressive  enfeeblement  of  the  shocks  with 
increasing  distance  than  the  gradual  diminution  of  the  sound  as  the 
impulses  moved  onward.  It  is  easy  to  trace  in  the  large  number  of 
reports  a  steadily  decreasing  amount  of  notice  or  attention  to  sound 
as  the  distance  from  the  centrum  increases. 

Passing  to  the  seacoast  of  Georgia  and  northern  Florida,  we  dis¬ 
cover  the  same  indications  of  a  rapid  weakening  of  the  shocks  which 
has  been  noted  along  the  coast  of  North  Carolina  on  the  opposite 
side  of  the  centrum.  Proceeding  southward  along  the  Atlantic  coast 
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of  Florida  the  vigor  steadily  diminishes,  so  that  when  the  end  of  the 
great  peninsula  is  reached  it  has  either  vanished  or  become  a  tremor 
so  faint  that  it  is  noticed  in  but  a  few  favored  spots.  At  Brunswick 
and  Darien,  Ga.,  the  energy  was  great  and  of  an  alarming  kind.  At 
Jacksonville,  Fla.,  while  still  forcible,  it  was  considerably  less,  and 
thence  southward  its  decline  was  rapid. 

We  have  thus  discussed  the  features  of  the  earthquake  within  those 
limits  where  it  may  be  said  to  have  been  severe,  and  these  limits 
may  be  said  to  range  between  two  hundred  and  two  hundred  and 
fifty  miles  from  the  centrum.  We  may  discuss  the  remainder  of 
the  region  affected  by  it  much  more  summarily  and  with  an  eye  to 
general  rather  than  to  local  features. 

The  first  consideration  to  be  noted  is  the  magnitude  of  the  area 
affected  by  the  shocks.  It  was  sensibly  felt  in  Boston,  which  is  the 
most  distant  point  on  the  Atlantic  coast  at  which  it  was  perceived, 
though  there  it  was  extremely  light.  From  Maine  only  negative  re¬ 
ports  have  been  received.  Most  of  the  reports  from  New  Hampshire 
are  also  negative,  but  two  or  three  of  them  seem  to  indicate  that  it 
was  felt  in  that  State  in  sensitive  spots.  In  V ermont  affirmative  re¬ 
plies  are  made  at  St.  Johnsbury  and  Burlington,  as  well  as  at  points 
farther  southward  in  that  State.  No  positive  reports  come  from  the 
province  of  Quebec.  In  New  York  State  it  was  felt  in  the  vicinity 
of  Lake  George  and  at  Lake  Placid  and  Blue  Mountain  Lake  in  the 
Adirondacks.  In  Ontario  it  was  observed  in  many  places,  though 
a  large  number  of  the  reports  from  that  province  are  negative.1 
Among  the  places  in  this  province  which  give  affirmative  reports 
are  London  and  Sarnia.  From  the  southern  peninsula  of  Michigan 
the  evidence  is  clear  that  it  was  generally  noted  by  persons  who  were 
favorably  situated.  The  most  distant  point  in  this  State  which  has 
given  a  detailed  statement  of  well-marked  tremors  is  Manistee,  a 
town  situated  on  the  shore  of  Lake  Michigan  well  northward  to¬ 
wards  the  straits.  Crossing  the  lake,  we  also  find  it  to  have  been 
observed  at  Green  Bay,  in  Wisconsin.  It  was  very  perceptible  at 
Milwaukee  and  at  other  towns  in  the  same  State.  A  detailed  report 
of  the  tremors  also  comes  from  La  Crosse,  on  the  upper  Mississippi, 
about  nine  hundred  and  sixty  miles  from  the  centrum.  This  is  the 
most  distant  locality  within  the  United  States  which  has  furnished 
clear  and  unquestionable  evidence  that  the  earthquake  was  distinctly 
felt  and  recognized  as  such.  At  Prairie  du  Chien,  a  little  lower 

1  One  of  the  most  interesting  observations  comes  from  Toronto,  where  the  me 
teorological  service  of  Canada  has  established  a  set  of  magnetographs  for  recording 
magnetic  variations.  These  delicately  balanced  instruments  have  proved  not  only 
in  this  but  in  other  earthquakes  to  be  exceedingly  sensitive  seismoscopes,  and  being 
connected  with  a  most  accurately  rated  clock,  afford  approximate  means  of  deter¬ 
mining  the  time  of  advent  of  the  shocks.  The  observations  furnished  by  Prof. 
Charles  Carpmael  are  discussed  elsewhere  in  this  work  by  Prof.  Simon  Newcomb. 
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down  the  Mississippi,  the  tremors  were  well  marked.  A  number  of 
places  in  the  eastern  part  of  Iowa  give  circumstantial  accounts  of 
the  shocks.  At  Dubuque  they  were  quite  decided,  and  created  suffi¬ 
cient  alarm  among  the  occupants  of  upper  rooms  in  the  higher  build¬ 
ings  to  cause  a  hurried  flight  into  the  streets.  Similar  accounts 
come  from  Davenport,  Burlington,  and  Keokuk.  Several  places  in 
the  interior  of  the  State  also  report  it.  The  indications  from  Des 
Moines  are  somewhat  doubtful.  Throughout  the  eastern  and  cen¬ 
tral  part  of  Missouri  the  tremors  were  felt  and  noted  in  many  local¬ 
ities,  though  some  places  in  the  same  region  give  negative  reports. 
Careful  inquiry  was  made  to  ascertain  whether  they  were  felt  as  far 
west  as  Kansas  City.  One  statement  of  a  doubtful  character  at  first 
suggested  that  it  might  have  been  noticed  there,  but  the  final  result 
of  the  inquiry  is  strongly  against  the  probability  of  it.  In  eastern 
Arkansas  the  shocks  were  also  well  observed,  and  in  the  northeast¬ 
ern  corner  of  Louisiana  they  were  most  probably  sensible.  They 
were  clearly  so  in  New  Orleans,  but  throughout  the  remainder  of 
Louisiana  the  reports  are  all  in  the  negative.  There  was  also  a 
conspicuous  rarity  of  sensible  tremors  in  the  southwestern  part  of 
Mississippi. 

Inquiry  was  also  made  to  ascertain  whether  the  shocks  were  felt 
in  Central  America,  the  West  Indies,  and  Bermuda.  From  Yucatan 
the  reports  were  negative.  From  Cuba  numerous  affirmative  reports 
were  received.  The  most  distant  locality  in  that  island  giving  an 
affirmative  answer  was  Sagua  la  Grande,  where  the  vibrations  were 
well  marked  and  their  character  unmistakable.  It  is  not  a  little 
remarkable,  however,  that  they  were  unnoticed  in  the  West  India 
Islands.  From  Nassau,  New  Providence,  the  report  is  negative. 
From  Bermuda,  however,  a  letter  has  been  received  which  leaves  no 
doubt  that  the  tremors  were  faintly  felt  there  by  a  few  persons  fa¬ 
vorably  situated  for  observing  them.  This  island  is  almost  exactly 
a  thousand  miles  distant  from  the  centrum 

The  area  within  which  the  motion  was  sufficient  to  attract  the 
attention  of  the  unexpectant  observer  would  thus  be  somewhat  more 
than  circumscribed  by  a  circle  of  a  thousand  miles  radius,  and  the 
area  of  sensible  shaking  would,  including  the  oceanic  area,  roughly 
approximate  two  and  one-lialf  million  square  miles.  In  this  esti¬ 
mate  only  distinct,  well-defined  tremors,  perceptible  without  the 
agency  of  instruments,  are  included.  It  is  probable  that  by  proper 
instrumental  observation  the  disturbance  could  have  been  detected 
over  a  much  greater  area.  It  is  also  to  be  noted  that  the  peripheral 
portions  of  the  observed  area  lie  in  districts  some  of  which  are 
thinly  peopled,  others  containing  less  intelligent  and  observant  in¬ 
habitants,  like  the  lower  St.  Lawrence  Valley,  the  remoter  parts  of 
Ontario,  the  black  parishes  of  Louisiana,  and  the  Everglades  of 
Florida.  Some  of  the  peripheral  parts  of  the  disturbed  area,  like  the 
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Delta  region  of  the  Lower  Mississippi,  are  not  well  adapted  to  dis¬ 
close  the  nature  of  the  passing  shocks.  Furthermore,  the  waves  in 
the  outer  portions  of  the  area  were  almost  everywhere  of  great  wave 
length  and  comparatively  slow  oscillation,  and,  while  still  retaining 
a  large  amount  of  energy,  did  not  often  resolve  themselves  into  those 
shorter  tremors  which  are  much  more  likely  to  attract  attention, 
though  really  possessing  much  less  energy.  Many  hundreds  of  miles 
from  the  origin  the  long  swaying  motion  was  felt  and  was  often 
sufficient  to  produce  seasickness,  yet  was  unaccompanied  by  sound 
or  by  the  tremulous  motion  due  to  short  waves. 

These  considerations  may  serve  in  some  measure  to  explain  several 
noteworthy  facts  in  the  distribution  of  the  disturbance.  Thus  it  is 
seen  that  the  extreme  range  of  sensible  tremors  is  greatest  towards 
the  northwest,  in  the  direction  of  southwestern  Wisconsin  and  south¬ 
eastern  Minnesota,  tending  to  make  the  boundary  line  of  the  dis¬ 
turbed  tract  a  square,  with  a  rounded  corner,  rather  than  a  circle. 
South  of  La  Crosse  the  course  of  the  marginal  line  is  never  far 
west  of  the  Mississippi  River,  and  it  actually  crosses  that  river 
to  the  eastward  in  Louisiana.  Thus  the  limit  of  sensible  tremors 
becomes  less  and  less  remote  from  the  centrum  as  it  approaches  the 
Gulf  of  Mexico.  In  the  Delta  region  of  the  Lower  Mississippi  there 
is  a  conspicuous  tendency  of  the  isoseismal  lines  to  crowd  together. 
Viewing  the  same  fact  in  another  aspect,  the  shocks,  which  were  of 
normal  energy  in  the  uplands  of  Georgia,  and  north  and  north  central 
Alabama,  grow  weak  with  abnormal  rapidity  as  they  pass  into  the 
Delta  region,  and  prematurely  vanish  in  the  southwestern  part  of  the 
State  of  Mississippi.  I  can  not  help  regarding  this  as  an  illustration 
of  the  view  already  expressed,  and  to  be  adverted  to  again  and  again, 
that  wherever  great  bodies  of  imperfectly  consolidated  sediments 
cover  the  profounder  rocks,  in  which  the  main  energy  of  the  earth¬ 
quake  wave  is  transmitted,  so  much  of  the  energy  is  dissipated  that 
the  surface  effects  are  greatly  enfeebled.  The  Delta  of  the  Missis¬ 
sippi  thus  presents  us  the  same  fact  and  the  same  explanation  as  we 
have  already  observed  along  the  Atlantic  coast  on  both  sides  of  the 
centrum. 

Having  thus  noted  briefly  the  regions  where  the  earthquake  was 
severe  and  traced  the  border  line  where  its  vibrations  became  imper¬ 
ceptible,  we  may  bestow  a  hasty  glance  upon  the  intermediate  regions, 
where  the  intensity  was  “light,”  “moderate,”  and  “strong.” 

In  western  Massachusetts  and  in  Connecticut  all  the  larger  cities 
and  towns  indicate  that  its  effects  were  very  perceptible,  but  usually 
in  the  upper  stories  of  high  buildings.  The  smaller  towns,  which  sel¬ 
dom  contain  high  buildings,  generally  give  negative  reports.  In  the 
valley  of  the  Hudson  and  in  northern  Hew  Jersey  the  shaking  was 
much  more  noticeable  and  was  far  more  generally  observed.  In 
New  York  City  thousands  of  people  were  aware  of  it  in  spite  of  the 


dotton.]  THE  EARTHQUAKE  THROUGHOUT  THE  COUNTRY.  335 

incessant  jar  and  rumble  which  characterize  the  metropolis.  The 
account  given  by  the  New  York  Herald  is  worth  preserving. 

[New  York  Herald,  September  1,  1886.] 

In  the  city  department  of  the  Herald  building,  on  the  third  floor,  the  oscillations 
were  felt  with  alarming  distinctness.  As  nearly  as  can  be  judged  it  was  five  min¬ 
utes  to  10  o’clock.  The  waves  of  motion  seemed  to  flow  on  a  line  extending  from 
east-southeast  to  west-northwest.  The  motion  was  so  well  defined  that  it  was  suf 
ficient  at  each  recurrence  to  press  some  of  the  writers  who  were  at  work  against  the 
tables.  Electric  wires  suspended  about  the  room  swayed  back  and  forth.  A  heavy 
electric  lamp,  covered  with  a  screen  and  standing  on  a  slender  brass  rod,  swayed 
laterally  to  and  fro  with  a  sweep  of  three-quarters  of  an  inch  for  more  than  fifty 
seconds.  There  were  two  series  of  vibrations,  the  first  lasting  about  twenty  seconds. 
Then  there  was  an  interval  of  four  or  five  seconds,  and  again  a  series  of  stronger 
oscillations  covering  perhaps  thirty-five  or  forty  seconds.  While  the  first  series 
lasted  only  two  or  three  of  those  who  were  present  seemed  to  be  aware  of  it.  They 
began  to  ask  each  other,  “  What  was  that  ?  ”  “  Did  you  feel  that  tremor  ?”  and  sim¬ 

ilar  questions,  and  then  it  ceased.  But  while  they  were  still  questioning  each  other 
and  discussing  the  second  series  of  earth  waves  set  in,  and  then  all  who  were  present 
felt  the  motion  and  saw  the  swaying  of  objects  in  the  room.  The  duration  of  this 
second  series  was  such  that  persons  could  move  about  the  room  watching  the  mani¬ 
festations  of  the  earth’s  erratic  action. 

While  on  the  lower  floors  of  the  Western  Union  building  the  shocks  were  not 
noticed,  away  up  near  the  roof  they  created  quite  an  excitement.  In  the  operating 
room,  on  the  seventh  floor,  the  vibrations  brought  the  clicking  of  the  instruments  to 
a  standstill  until  the  tremors  ceased.  Several  of  the  operators  jumped  from  their 
seats,  supposing  that  the  west  wall  was  falling  out.  The  swaying  of  a  switchboard 
while  the  vibrations  lasted  seemed  to  convince  the  more  nervous  of  the  telegraphers 
that  the  building  was  giving  way.  Before  the  operators  could  leave  their  desks, 
however,  the  shivering  ceased,  and  then  they  felt  assured  that  it  had  been  caused 
by  an  earthquake.  A  large  recording  instrument  which  writes  out  messages  was 
in  operation  when  the  shocks  began,  and  during  the  moment  they  continued  all 
the  words  that  had  passed  over  the  wire  were  recorded  by  one  continued  blurr  on 
the  tape.  No  damage  was  done  to  any  of  the  instruments. 

In  the  rooms  of  the  Associated  Press,  on  the  top  story,  during  the  minute  or  less 
that  the  shocks  lasted,  desks,  tables,  and  chairs  seemed  to  be  swaying.  The  motion 
was  described  by  all  as  from  west  to  east  and  back  again.  It  was  “  a  gentle,  wavy 
sort  of  a  shake,”  as  an  operator  said,  and  still  one  that  made  persons  so  high  up  and 
so  far  away  from  the  street  wish  for  the  moment  that  they  were  somewhere  else. 
The  waves  had  only  stopped  rolling  when  the  reports  began  to  come  in  announcing 
that  the  earthquake  had  been  felt  hundreds  of  miles  away  from  the  city.  In  the 
Western  Union  building  the  time  that  the  shocks  occurred  was  marked  down  as 
eight  minutes  to  10  o’clock. 

Steward  Bennett,  of  Gouverneur  Hospital,  in  Gouverneur  slip,  was  sitting  in  his 
room,  on  the  top  floor  of  that  institution,  reading  a  newspaper,  about  five  minutes  to 
10  p.  m.  He  felt  the  chair  vibrate  beneath  him.  He  dropped  his  paper,  an  ’,  turn¬ 
ing  to  his  wife,  said:  “It  seems  to  me  that  the  floor  is  shaking.”  Going  to  the 
female  ward  on  the  same  floor,  the  steward  and  his  wife  found  the  nurse  and  patients 
in  great  excitement.  They  all  feared  that  the  building  was  about  to  topple  over. 
Their  fears  were  quieted  when  assured  that  no  danger  existed.  The  patients  in  the 
male  ward  also  plainly  felt  the  shock. 

Eastsiders  living  along  the  line  of  East  Broadway  and  adjacent  streets  were 
treated  to  the  “shock”  at  about  10  o’clock,  the  curious  phenomenon  being  ob¬ 
served  by  many  persons.  The  shock  appeared  to  them  to  move  from  west  to  east  and 
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was  of  several  seconds’  duration.  As  near  as  could  be  learned  the  feeling  was  ex¬ 
perienced  by  parties  in  Canal  street,  East  Broadway,  and  Rutgers  street.  At  No. 
169  East  Broadway  a  large,  substantial,  tenement  house,  the  inhabitants,  mostly 
Germans  and  Poles,  were  enjoying  the  cool  air,  when  a  sudden  vibration,  which 
caused  the  building  to  sway  perceptibly,  sent  every  one  to  the  street  below.  For  a 
time  the  greatest  excitement  pre vailed  and  the  jabbering  scene  at  the  Tower  of  Babel 
was  re-enacted.  Then  the  excitement  began  to  subside,  and  the  people  returned, 
wondering,  to  their  homes,  undecided  whether  they  had  felt  an  earthquake  or  an 
explosion. 

The  shock  was  not  felt  at  any  of  the  institutions  on  Blackwell’s  or  Ward’s  Island. 
No  shock  was  felt  at  Bellevue  Hospital,  or  in  any  of  the  buildings  on  the  grounds. 

Officer  Andy  Kelly,  of  the  Union  Market  Police  Court,  was  notified  at  midnight  by 
his  son  that  the  earthquake  had  wrought  considerable  damage  to  their  home  at  the 
corner  of  Avenue  B  and  7th  street.  He  found  that  the  walls  were  badly  cracked 
and  in  places  the  plastering  had  fallen  from  the  ceiling.  Frightened  by  the  threat¬ 
ening  appearance  of  the  entire  building,  the  family  were  obliged  to  leave  their  home. 
The  policeman  notified  the  Fire  Department,  and  an  official  was  sent  at  once  to  the 
building.  An  examination  showed  that  the  building  was  unsafe,  and  the  occupants 
were  warned  to  remain  away. 

The  clerks  in  the  general  post-office  and  the  sergeant  on  duty  in  the  basement  of 
the  City  Hall  declared  that  there  had  been  no  earthquake,  and  when  informed  that 
such  was  really  the  case  refused  to  believe  the  news.  All  the  policemen  doing 
duty  along  the  streets  were  equally  ignorant  of  the  fact  that  the  ground  had  been 
swaying  beneath  them. 

The  upper  portion  of  the  city  was  visited  last  night  by  the  shock  at  three  minutes 
to  10  o’clock,  as  nearly  as  can  be  judged,  the  shock  lasting  for  one  and  a  half  min¬ 
utes.  While  it  caused  the  greatest  consternation  among  the  residents  on  the  west 
side  of  the  town,  the  shock,  if  any,  on  the  east  side  was  but  slight.  During  the  preva¬ 
lence  of  the  vibrations  people  rushed  frantically  from  houses  and  flats  into  the 
street,  many  in  night  garments,  carrying  children  in  their  arms. 

Mr.  Henry  Allen,  ticket-seller  on  the  “L”  station,  125th  street  and  Eighth  avenue, 
said  to  a  Herald  reporter :  “  I  was  selling  a  ticket  at  the  time  the  shock  came,  and 
I  remarked  to  the  man  at  the  box  that  I  had  ‘  never  felt  the  structure  shake  like 
this.’  No  train  was  approaching  at  the  time  from  either  direction.” 

A  lady  who  came  on  the  station  platform  afterward  said:  “  I  was  in  a  private 
residence  at  the  time  visiting  friends.  When  the  shock  came  I  became  seasick  from 
the  rocking  motion,  but  made  my  way  with  the  rest  to  the  street.  Everybody  was 
out,  even  to  the  children,  who  had  retired  some  time  before.” 

Mrs.  Charles  E.  Merritt,  wife  of  the  assistant  manager  of  the  Mackay-Bennett 
cables,  felt  the  shock  very  perceptibly,  and  left  her  apartments  in  the  Berkshire 
flats,  125tli  street  and  Eighth  avenue,  seeking  the  company  of  her  neighbors. 

Mrs.  Robert  E.  Livingston,  in  the  same  building  (the  Berkshire),  was  passing 
through  the  flat  at  the  time,  when  the  pictures  and  other  furniture  began  to  rock. 
The  tenants  of  this  building,  which  occupies  a  block  front,  ran  into  the  main  cor¬ 
ridor,  when  each  corroborated  the  other’s  statement. 

The  Winthrop,  a  six-story  family  hotel,  occupying  a  block  on  Seventh  avenue, 
between  124th  and  125th  streets,  is  occupied  by  300  persons.  Here  the  shock  was 
very  violent,  many  of  the  women  fainting  and  the  greatest  excitement  existing  for 
some  time.  They  congregated  in  the  halls  and  reluctantly  returned  to  their  rooms. 

JohnBrunton,  of  No.  208  West  128d  street,  a  subcontractor  on  the  aqueduct,  was 
seen  by  the  reporter.  He  said:  “I  thought  it  was  one  of  my  dynamite  houses  in 
action,  and  rushed  out  and  telephoned  up  the  road.  I  felt  reassured  when  they  said 
everything  was  all  right.  My  house  shook  like  a  leaf,  and  through  the  neighbor¬ 
hood  everybody  was  alarmed.” 


DUTTON.] 


THE  EARTHQUAKE  THROUGHOUT  THE  COUNTRY. 


337 


On  Eighth  avenue  and  121st  street  the  block  swarmed  with  tenants  and  their 
children,  who  labored  under  the  greatest  excitement.  The  policeman  on  post  tried 
to  quiet  the  people  and  carried  many  of  the  children  into  the  houses.  All  the  high 
flats  on  the  west  side  of  Harlem  experienced  the  shock. 

A  reporter,  who  between  the  hours  of  8.80  and  12  o’clock  traveled  through  the 
west  side  of  the  city  between  Charles  and  Hudson  streets  and  Tenth  avenue  and 
.r)9th  street  and  touching  at  the  following  points,  Seventh  avenue  and  11th  street, 
Fifth  avenue  and  15th  street,  20tli  street  and  Eighth  avenue,  Tenth  avenue  and  87th 
street.  47th  street  and  Ninth  avenue,  neither  felt  nor  heard  anything  of  the  earth¬ 
quake,  nor  did  any  of  the  police  officials  in  those  precincts  seem  to  be  aware  of  it. 

Two  distinct  shocks  of  an  earthquake  were  felt  in  Brooklyn.  The  first  was  very 
perceptible  at  police  headquarters,  in  the  municipal  building — it  was  at  9.45  o'clock — 
and  at  10. 17  o'clock  the  second  vibration  was  so  violent  that  the  desks  swayed  to 
and  fro  with  an  easy  motion.  The  chandeliers  moved  to  and  fro,  and  the  telephone 
bells  in  the  several  instruments  commenced  to  ring.  At  first  it  was  thought  that  a 
gas-meter  had  exploded,  but  investigation  showed  that  the  vibrations  were  very 
similar  to  those  felt  about  two  years  ago.  In  the  streets  near  the  City  Hall  a  num¬ 
ber  of  people  congregated  to  compare  notes  regarding  the  vibration. 

Capt.  William  Gear,  one  of  the  telegraph  operators  at  the  police  headquarters, 
was  sitting  at  the  telephone  instrument  taking  a  message  when  he  felt  the  first 
shock.  It  was  just  at  9.45  o’clock.  He  described  his  sensations  thus :  “  I  was  fright¬ 
ened  when  I  felt  myself  rocking  to  and  fro,  and  the  first  thing  I  thought  of  was 
that  I  had  an  attack  of  heart  disease.  I  placed  my  hand  over  iny  heart,  and.  get¬ 
ting  up.  I  noticed  that  the  chandelier  over  the  switchboard  was  shaking.  I  also 
noticed  that  a  number  of  the  ‘  drops  ’  on  the  telephone  switchboard  had  come  down. 
Then  it  struck  me  that  it  was  caused  by  an  earthquake  shock.  I  sat  down  again, 
and  at  10.17  o’clock  I  experienced  the  same  feeling.  It  made  me  sick.” 

Captain  Gear  had  hardly  finished  his  story  to  a  Herald  reporter  when  Sergeant 
Healy,  of  the  Gates  avenue  police  precinct,  called  up  the  telephone  and  asked  the 
operator,  “What  was  that  I  felt  a  minute  ago?  Was  it  an  earthquake?”  The 
operator  replied  that  it  was. 

Sergeant  Cullen,  of  the  Congress  street  police  station,  also  said  that  he  felt  the 
shocks  while  sitting  at  his  desk  writing  up  the  daily  blotter. 

Sergeant  Phillips,  of  the  Bridge  police  station,  on  Sands  street,  said  he  felt  a 
strange  motion  of  his  chair,  but  paid  no  particular  attention  to  it. 

A  Herald  reporter,  who  was  on  Hancock  street,  near  Bedford  avenue,  felt  both 
shocks.  The  vibration  seemed  to  be  from  west  to  east,  and  it  was  so  violent  that 
the  chandeliers  in  the  parlors  and  on  the  second  floors  of  the  houses  swayed  back 
and  forward,  and  the  occupants  became  frightened  and  ran  down  to  the  street, 
where  they  congregated  on  the  street  corners  and  discussed  the  matter. 

The  bell  in  the  steeple  of  the  Bedford  Avenue  Reformed  Church,  corner  of  Madison 
street,  rang  twice,  and  it  is  presumed  that  the  ringing  was  caused  by  the  vibration. 

On  Fulton  street  and  on  Bedford  avenue  the  shocks  were  very  perceptible,  and 
nearly  every  corner  was  crowded  by  persons  who  were  more  or  less  frightened. 

In  every  case  the  vibration  was  from  west  to  east,  and  the  section  of  the  city  in 
which  the  two  shocks  were  most  felt  was  between  Sands  street  and  Atlantic  avenue. 

The  tremors  in  New  York  City  and  Brooklyn  must  be  regarded 
as  very  light.  While  thousands  of  people  noticed  them,  there  were 
tens  of  thousands,  and  even  hundreds  of  thousands,  who  did  not. 
The  vibrations  were  felt  almost  wholly  in  the  lofty  buildings.  Upon 
the  ground  they  were  rarely  perceived,  though  a  few  reports  are 
given  by  persons  at  rest  who  were  conscious  of  them  and  understood 
9  geol - 22 
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their  character.  No  case  has  been  reported  from  New  York  City 
where  a  person  walking  in  the  street  suspected  an  earthquake. 

In  New  Jersey  the  tremors  appear  to  have  been  a  little  more  decided. 
A  large  number  of  towns  give  reports  which  indicate  an  intensity  suf¬ 
ficient  to  attract  the  attention  of  almost  any  person  in  a  state  of  rest, 
while  many  in  large  buildings  were  somewhat  alarmed.  In  Newark 
and  along  the  valley  of  the  Passaic  River  it  was  noted  by  many  people. 
The  lighthouses  of  the  New  Jersey  coast  invariably  give  affirmative 
reports  and  describe  the  oscillations  of  the  high  towers. 

Many  towns  in  the  valley  of  the  Hudson  and  Mohawk  also  report 
observations.  It  is  a  little  remarkable,  however,  that  Syracuse,  Utica, 
Rochester,  and  Buffalo  give  either  negative  or  doubtful  reports, 
while  smaller  towns  in  the  vicinity  give  decisively  affirmative  ones. 
Still  more  remarkable  is  the  fact  that,  if  we  were  to  judge  from  the 
face  of  the  reports  alone,  the  average  intensity  for  the  State  of  New 
York,  though  very  light,  was  not  more  so  than  that  for  central  and 
eastern  Pennsylvania.  Early  in  the  process  of  collecting  data  there 
appeared  to  be  an  abnormal  defect  both  in  the  number  of  reports 
obtained  and  in  the  intensity  indicated  by  such  reports  as  were  re¬ 
ceived  from  the  greater  part  of  this  State.  The  western  >  counties 
near  Pittsburgh  gave  abundant  returns  and  indications  of  intensity 
which  seem  rather  excessive.  The  defect  was  in  the  remaining  part 
of  the  State.  Prof.  J.  P.  Lesley  was  appealed  to,  and  by  his  cour¬ 
teous  assistance  a  more  searching  canvass  was  made.  The  result 
in  my  judgment  indicates  that  the  defects  of  intensity  wei*e  real 
throughout  the  greater  part  of  Pennsylvania.  In  Philadelphia  it 
seems  to  have  had  about  the  same  degree  of  force  as  in  New  York 
City.  A  small  portion  of  the  people  observed  it  and  recognized  its 
character,  while  the  great  majority  did  not.  It  was  felt  only  by 
those  in  the  upper  stories  of  large  buildings.  In  Harrisburg  it  has 
not  been  possible  to  find  a  single  person  who  was  conscious  of  the 
earthquake.  The  papers  of  that  city  do  not  mention  any  local  ob¬ 
servation,  though  copiously  publishing  the  dispatches  from  other 
parts  of  the  country.  At  Carlisle,  Huntington,  and  Tyrone  no  no¬ 
tice  was  taken  of  it.  At  Altoona  it  was  felt  very  slightly  by  a  few 
persons.  But  at  Pittsburgh  the  swaying  and  tremulous  motions  were 
much  more  decided,  and  the  proportion  of  the  population  which 
recognized  it  was  quite  large;  and  throughout  the  surrounding 
towns  generally  it  was  distinctly  felt. 

[Associated  Press  Dispatch.] 

Pittsburgh,  August  31. 

At  10  o'clock  to-night  an  earthquake  shock  was  felt  in  all  parts  of  this  city  and 
Allegheny.  The  shock  lasted  about  thirty  seconds,  and  created  the  greatest  conster¬ 
nation  in  the  hotels  and  large  buildings.  In  Hotel  Anderson  and  Hotel  Duquesne  the 
guests  ran  into  the  streets  panic-stricken,  and  in  the  upper  stories  of  the  Western 
Union  Telegraph  building  the  swaying  of  the  structure  was  quite  perceptible. 
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On  the  south  side  the  shock  seems  to  have  been  more  severe.  Dishes  were  thrown 
from  shelves,  clocks  stopped,  and  the  occupants  of  the  houses  rushed  out  scream¬ 
ing  with  terror.  On  South  Nineteenth  street  the  Lotus  Club,  which  was  holding  a 
meeting,  quickly  adjourned,  and  the  members,  who  were  greatly  frightened,  lost 
no  time  in  leaving  the  building. 

Surrounding  towns  in  all  directions  report  a  distinct  vibration  of  the  earth  at 
about  the  same  hour.  As  far  as  heard  from  there  was  no  serious  damage. 

Meadville,  Pa.,  August  31. 

At  10  p.  m.  a  shock  of  earthquake  was  felt,  followed  immediately  by  a  slighter 
shock,  the  whole  lasting  about  twenty  seconds.  The  streets  were  at  once  filled  with 
people.  The  guests  rushed  out  of  hotels  in  their  night  clothes,  women  and  children 
were  crying  and  screaming,  and  every  one  was  more  or  less  alarmed. 

This  comparative  “earthquake  shadow,”  which  seems  to  pervade 
the  greater  portion  of  Pennsylvania,  also  appears  to  extend  down 
the  Appalachian  region  of  West  Virginia,  though  it  is  possible  that 
this  extension  may  be  in  great  part  apparent  rather  than  real.  The 
data  from  West  Virginia  are  less  copious  than  is  to  he  desired; 
throughout  the  mountains  of  that  State  the  population  is  scanty, 
and  a  part  of  it  is,  in  respect  to  intelligence,  much  below  the  average 
of  the  country  at  large.  An  apparent  defect  of  intensity  seemed  to 
disclose  itself  early  in  the  investigation,  and  special  efforts  were 
made  to  multiply  observations  from  this  region;  but  though  a  con¬ 
siderable  number  were  procured  they  were  not  wholly  satisfactory. 
Taking  the  data  at  face  value,  the  indications  are  that  the  intensity  of 
the  shocks  varied  extremely  throughout  the  Appalachians  of  West 
Virginia;  a  few  places  giving  an  abormally  high  one;  the  great 
majority  giving  either  a  very  feeble  one  or  none  at  all.  The  infer¬ 
ence,  however,  might  have  been  very  different  if  the  State  had  pos¬ 
sessed  a  population  as  dense  and  large  towns  as  numerous  as  Ohio 
or  Pennsylvania.  In  the  capital  of  the  State,  Charleston,  the  vigor 
of  the  shocks  was  somewhat  remarkable.  The  population  is  reported 
as  having  been  thoroughly  aroused  by  it  and  portions  of  the  people 
alarmed.  Some  chimneys  were  overthrown,  crockery  broken,  and 
houses  forcibly  rocked. 

East  of  the  Appalachians,  in  the  Piedmont  of  Maryland  and  Vir¬ 
ginia,  the  shocks  were  generally  felt  with  a  force  which  may  be 
characterized  as  light  to  moderate.  Nearly  all  towns  give  decided 
reports  in  the  affirmative;  a  few  report  it  as  quite  forcible  and  a  few 
as  not  felt  at  all.  In  Baltimore  and  Washington  it  was  generally 
felt.  As  regards  the  former  city,  the  report  of  Mr.  Richard  Ran¬ 
dolph,  given  in  the  chapter  on  the  speed  of  the  shocks  (p.176),  may 
be  taken  as  a  standard.  In  Washington  the  tremors  were  very  gen¬ 
erally  noted.  Professor  Newcomb’s  account  is  given  in  the  same 
chapter  as  Mr.  Richard  Randolph’s,  and  it  may  be  well  to  introduce 
here  the  report  given  by  Mr.  AV  J  AIcGee,  of  the  Geological  Survey: 

The  tremor  was  observed  and  correctly  interpreted  shortly  after  its  commence¬ 
ment  in  Washington.  The  building  1424  Corcoran  street  is  a  brick  structure,  three 
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stories  high,  somewhat  east  of  the  center  of  a  solid  block  extending  about  three-fourths 
the  distance  from  Fourteenth  to  Fifteenth  street,  the  houses  being  of  variable  depth. 
The  room  occupied  was  the  upper  front,  facing  north;  the  bed  [occupied  at  the 
time  the  shock  began]  heads  east,  the  head  being  two  or  three  inches  from  the  party- 
wall.  A  washstand  with  its  accessories  occupied  the  northeast  corner  of  the  room 
within  reach  of  the  bed :  an  office  table  stood  near  the  northwest  corner.  On  the  table 
was  a  student-lamp,  and  above  it  a  gas-fixture  with  globe.  Over  the  headboard 
o  f  the  bed  was  thrown  a  leather  belt,  from  which  were  suspended  a  heavy  pistol  and 
a  hunting -knife.  The  tips  of  pistol  and  knife  rested  lightly  against  the  headboard. 
The  sensation  conveyed  by  the  first  tremor  produced  the  impression  that  some  one 
had  his  hand  on  the  foot  of  the  bed  and  was  shaking  it  to  and  fro;  but  knowing 
that  the  house  had  no  other  occupant,  I  quickly  inferred  the  true  cause  of  the 
disturbance.  Meantime  the  violence  of  the  shaking  increased,  and  the  points  of 
pistol  and  knife  began  to  rap  against  the  headboard,  and  at  the  same  time  the 
movements  of  the  bed  were  such  as  to  indicate  a  quick  eastward  and  upward 
impulse,  as  if  the  spring  mattress  were  struck  in  an  eastward  and  upward  direc¬ 
tion.  At  the  same  time  also  a  rattling  of  the  student  lamp,  of  the  globe  on  the  gas- 
fixture,  of  the  pitcher  and  basin  on  the  washstand,  and  of  the  mirror  on  the  dress¬ 
ing-case,  together  with  some  creaking  of  the  bed  and  other  articles  of  furniture, 
were  perceived.  I  rose  immediately,  lighted  the  gas,  and  noted  the  tune  as  9.54] 
[corrected  to  the  75th  meridian  standard].  As  soon  as  possible  thereafter  the  wash- 
stand  was  drawn  toward  the  center  of  the  room  free  from  the  wall,  and  a  tumbler 
was  nearly  filled  with  water  and  placed  upon  it;  and  while  waiting  for  the  water 
to  become  still  I  gave  attention  to  the  swinging  of  the  headboard  of  the  bed  and 
of  the  knife  and  pistol  suspended  from  it.  The  headboard  swung  quite  freely 
east  and  west.  With  eacli  oscillation  the  suspended  arms  swung  free  from  the  head- 
board  and  then  struck  violently  against  it;  and  although  the  manner  in  which 
they  were  suspended  permitted  of  free  movement  north  and  south,  there  was  no 
tendency  to  swing  in  that  direction.  The  undulations  of  the  water  in  the  glags 
corresponded  closely  in  period  with  the  swing  of  the  headboard.  Their  direction 
was  slightly  north  of  east,  and  the  successive  waves  rose  higher  on  the  eastward 
side  of  the  glass. 

In  the  Opera  House  on  Fifteenth  street  the  spectators  in  the  upper 
gallery  felt  the  swaying  and  were  seized  with  such  alarm  that  many 
of  them  rushed  for  the  stairways.  Although  few  people  below  felt 
the  disturbance,  the  confusion  above  communicated  alarm  to  the  au¬ 
dience  below,  and  for  a  few  minutes  a  serious  panic  was  impending. 
It  Avas  repressed,  however,  by  the  presence  of  mind  of  Mr.  Sevellon 
A.  Brown,  the  chief  clerk  of  the  State  Department,  who  succeeded 
in  arresting  the  attention  of  the  audience,  and  assured  them  that 
there  was  no  danger,  unless  the  assemblage  chose  to  create  it  by  pre¬ 
cipitating  a  panic.  A  few  wise  words  bravely  spoken  recalled  the 
spectators  to  their  senses  and  perhaps  averted  a  disaster.  Some  of 
them  departed  in  safety,  while  others  remained. 

In  Virginia,  between  the  Potomac  and  the  James  Rivers,  the  shocks 
were  universally  felt,  and  (lie  intensity  rapidly  increased  south¬ 
ward.  At  Richmond  they  may  be  said  to  have  become  decidedly 
strong.  The  entire  population  of  that  city  was  thoroughly  aroused, 
and  a  singular  combination  of  circumstances  produced  an  excitement 
out  of  proportion  to  the  energy  of  the  shocks,  vigorous  though  they 


dutton.J  the  earthquake  throughout  the  country. 


341 


were.  The  penitentiary,  situated  upon  a  high  hill,  was  shaken  with 
exceptional  violence,  and  the  prisoners  were  thrown  into  agonies  of 
terror,  converting  the  gloomy  corridors  and  cells  of  the  great  build¬ 
ing  into  a  pandemonium.  The  keepers  became  alarmed,  and,  fearing 
a  general  jail  delivery,  called  for  help.  In  a  short  time* police  and 
military  were  hurrying  to  the  rescue.  A  large  part  of  the  popula¬ 
tion,  alreaxly  alarmed  by  the  earthquake,  followed  the  troops,  and 
^the  whole  city  was  speedily  in  a  state  of  panic  and  terror. 

West  of  the  Appalachians  also  the  shocks  were  decidedly  strong. 
In  the  upper  Ohio  Valley,  from  Pittsburgh  as  far  as  Catlettsburgh, 
the  force  of  shocks  varied  from  11  ‘  moderate  ”  to  ‘ 4  strong.  ”  At  W ells- 
ville,  Wheeling,  Bellaire,  Marietta,  Parkersburgli,  Barboursville, 
Huntington  (W.  Va.),  and  Catlettsburgh  they  were  universally  recog¬ 
nized,  causing  no  little  excitement  and  even  alarm.  Thus  both  east 
and  west  of  the  Appalachians  of  West  Virginia  the  reports  generally 
indicate  a  higher  degree  of  intensity,  and  one  more  universally  dis¬ 
tributed  than  in  the  mountains  themselves. 

No  State  has  given  fuller  or  more  satisfactory  reports  than  Ohio. 
And  there  is  hardly  a  town  in  it  which  did  not  feel  the  earthquake. 
As  might  be  expected,  it  was  more  forcible  in  the  southern  parts  than 
in  the  northern;  but  even  in  the  northern  parts  it  is  rather  a  matter 
*  of  surprise  that  they  were  so  well  marked.  In  Cleveland  and  in  the 
surrounding  towns  and  villages  it  appears  to  have  displayed  rather 
abnormal  force. 

[Xew  York  Times,  September  1,  1886.] 

Cleveland,  Ohio,  August  31. 

A  very  strong  shock  of  earthquake  was  felt  here  at  9.30  o’clock  to-night,  lasting 
perhaps  fifteen  seconds.  People  rushed  out  of  their  houses  into  the  streets  precipitate¬ 
ly.  the  theaters  were  emptied,  meetings  were  suddenly  broken  up,  and  a  feeling  akin 
to  panic  was  general  throughout  the  city,  though  no  damage  is  reported.  Every¬ 
body  felt  the  nausea  and  dizziness  which  commonly  accompany  such  shocks.  The 
undulations  were  about  east  and  west,  and  not  less  than  three,  though  little  definite 
testimony  on  that  point  is  ascertainable  on  account  of  the  unexpectedness  of  the 
phenomenon  and  the  attendant  excitement.  Telegrams  show  that  probably  the 
whole  State  was  shaken  up. 

The  entire  population  were  simultaneously  seized  with  a  sensation  of  dizziness 
and  weakness,  which  was  attributed  to  a  sudden  attack  of  illness,  and  the  rocking 
motion  plainly  felt  was  at  first  ascribed  to  a  deranged  physical  system.  Houses 
were  moved  and  everything  within  them.  In  some  instances  walls  cracked  with  a 
startling  noise,  while  in  a  few  cases  small  fissures  opened.  A  considerable  number 
of  people  who  were  standing  fell  down.  Persons  on  the  ground  felt  light-headed, 
but  many  did  not  notice  the  undulations,  though  nearly  every  one  had  stomach 
<  [ualms.  The  higher  one  was  from  the  ground  the  greater  was  the  motion.  Everything 
hanging  swung  with  violence,  and  the  gas  went  out  in  some  places  and  clocks 
stopped.  In  the  Academy  of  Music  a  serio-comic  singer  had  just  begun  his  song 
when  the  audience  as  one  man  arose  and  scrambled  out  of  doors,  greatly  to  the  per¬ 
former’s  chagrin.  A  lodge  of  colored  Odd  Fellows  was  in  the  midst  of  initiating  a 
candidate.  The  ceremony  abruptly  ended,  and  the  entire  body  rushed  down-stairs 
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in  full  regalia,  leaving  the  candidate  powerfully  impressed.  Billiard  players  were 
startled  at  observing  the  balls  take  most  erratic  courses.  Not  a  few  who  had  re¬ 
tired  for  the  night  were  suddenly  anxious  for  fresh  air  and  terra  firma.  They  neg¬ 
lected  to  arrange  their  toilets,  and  gave  a  ghostly  appearance  to  their  vicinity. 
The  telephone  exchanges  were  emptied  of  operators,  and  it  was  some  minutes 
before  subscribers  could  call  one  another.  Then  everybody  wanted  to  call  up  some¬ 
body  and  inquire  what  the  matter  was.  Many  an  amusing  scene  occurred  in  saloons, 
customers  unceremoniously  abandoning  their  waiting  liquor  and  striding  into  the 
street.  When  all  danger  was  past  people  compared  notes  and  enjoyed  the  fun  of  the 
tiling,  but  for  a  few  moments  the  most  intense  and  trying  seriousness  prevailed. 

[New  York  Herald,  September  1,  1880.] 

Cleveland,  August  31,  1886. 

At  thirty-three  minutes  past  9  to-night  Cleveland  was  shaken  by  two  distinct 
shocks  of  earthquake,  lasting  two  seconds  each,  and  giving  all  buildings  and  their 
contents  a  peculiar  swaying  sensation.  Men  sitting  at  their  desks,  of  whom  your 
correspondent  was  one,  saw  the  paper  before  them  sway  and  move.  The  shocks 
were  very  distinct,  and  were  felt  from  one  end  of  the  town  to  the  other,  as  well  as 
at  all  the  small  towns  in  the  northern  part  of  the  State  from  which  reports  have  so 
far  been  received. 

The  occurrences  created  the  wildest  excitement  on  the  down-town  streets  of  Cleve¬ 
land.  Large  audiences  were  in  the  Opera  House  and  Academy  of  Music,  and  in  a 
very  few  seconds  the  greater  part  of  the  people  in  them  were  out  on  the  streets, 
comparing  experiences,  and  watching  the  buildings,  expecting  them  to  fall.  Various 
meetings  were  going  on  in  halls  and  lodge-rooms.  They  were  suddenly  adjourned. 
Operators  ran  out  of  the  big  telegraph  block,  guests  ran  from  the  hotels,  and  in  the 
residential  portion  of  the  city  the  people  ran  out  of  their  houses  trembling  with 
fear. 

These  accounts  are  confirmed  by  private  correspondence.  Effects 
so  pronounced  at  Cleveland  are  all  the  more  remarkable,  because  on 
the  other  side  of  Lake  Erie  to  Ontario  they  were  noticed  by  verv  few 
people  even  in  the  largest  towns. 

All  principal  places  on  the  line  of  the  Pittsburgh,  Fort  Wayne  and 
Chicago  Railway  and  the  places  in  proximity  to  it  give  accounts 
similar  to  those  from  Cleveland.  Theaters,  lodges,  and  praver-meet- 
ings  were  broken  up  in  confusion,  high  buildings  were  speedily 
abandoned,  and  nausea  was  universally  complained  of.  Indeed  the 
whole  State  of  Ohio,  except  the  northwestern  corner,  was  shaken  in 
much  the  same  manner. 

The  accounts  from  Columbus  are  worth  inserting.  Thus  Mr.  H. 
R.  Gill,  of  the  railway  station,  sends  a  copy  of  the  pencil  memoran¬ 
dum  he  made  at  the  time,  and  which  is  as  follows: 

9.21  p.  m.  city  time  [9.53  standard],  Earthquake.  Motion  apparently  north  and 
south.  It  has  been  vibrating  for  about  one  and  three-quarter  minutes.  The  cases  are 
rattling  and  the  telegraph  wires  under  my  window  are  vibrating  as  I  never  saw  them 
before  even  in  a  severe  storm.  9.27.  More  and  more  distinct  vibrations.  These  appear 
to  be  exactly  at  right  angles  with  the  first.  The  chandelier  in  the  telegraph  office  now 
swings  due  east  and  west.  From  the  first  to  the  last  of  the  first  set  of  vibrations 
was  seventy-five  to  eighty  seconds.  This  was  determined  by  my  watch,  which  was 
lying  in  front  of  me  with  correction.  Second  series  did  not  last  as  long  as  the  first. 
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The  signal  service  observer,  Sergt.  A.  L.  McRae,  reports  that  the 
severest  shocks  at  Columbus  were  accompanied  by  a  rumbling  noise 
similar  to  that  produced  by  a  heavy  wagon  passing  down  the  street; 
also  that  the  shaking  of  the  building  in  which  his  office  was  located 
was  very  strongly  marked.  He  Avas  writing  at  the  time,  and  the  tre¬ 
mors  were  great  enough  to  distort  the  letters. 

f  Associated  Press  Dispatch,  j 

Columbus,  Ohio.  August  31. 

Reports  are  coming  in  from  all  over  the  city  that  a  shock  of  an  earthquake  was 
distinctly  felt  about  8.54.  It  was  more  perceptible  in  large  buildings.  At  the  cen¬ 
tral  Asylum  for  the  Insane  the  furniture  was  turned  around,  and  patients  became  so 
alarmed  that  the  attendants  had  trouble  in  getting  them  to  return  to  their  wards. 
At  the  Institute  for  the  Blind  the  shock  was  so  strong  that  rocking-chairs  on  the  floor 
were  made  to  start  in  motion,  and  chandeliers  were  swayed  to  and  fro  with  such 
force  that  they  continued  for  sometime  afterward  in  motion.  These  are  samples 
of  the  sensation.  The  teachers  at  the  blind  institute  refused  to  return  to  their  rooms 
after  running  to  the  main  audience  room  below.  At  this  point  it  was  accompanied 
by  a  low,  heavy,  rumbling  sound.  The  time  given  at  the  Blind  Institute  was  9.22 
local. 

At  Toledo,  in  tlie  north  western  part  of  the  State,  it  was  noticed  by 
many  people,  but,  was  obviously  less  forcible  than  farther  southward. 
In  cities  such  as  Mansfield,  Dayton,  Canton,  Ironton,  Xenia,  Zanes- 
\dlle,  Portsmouth,  it  was  felt  with  an  intensity  varying  from  mod¬ 
erate  to  strong,  and  it  is  interesting  to  note  the  uniformity  of  char¬ 
acter  and  detail  pervading  all  these  reports.  Meetings  of  all  kinds 
broke  up  in  confusion,  chandeliers  swung,  windows  and  small  objects 
Adbrated.  and  the  oscillations  of  lofty  buildings  Avere  often  alarming. 
There  is  hardly  a  town  in  the  southwestern  quarter  of  the  State  which 
does  not  report  an  epidemic  of  nausea  experienced  in  many  cases  by 
people  who  had  no  idea  of  an  earthquake,  and  avIio  attributed  it  to 
some  sudden  and  passing  qualm  of  the  stomach,  or  to  some  peculiar 
dizziness,  or  to  some  defective  action  of  the  heart,  according  to  the 
infirmity  of  the  patient.  Although  the  obseiwatlon  of  an  earthquake 
a  day  after  its  occurrence,  and  when  the  fame  of  it  has  been  widely 
trumpeted,  is  generally  of  doubtful  value,  these  unHersal  andAvide- 
spread  reports  of  nausea  are  much  too  artless  to  be  doubted.  As¬ 
suredly  this  must  indicate  the  passage  of  normal  AvaAresof  great  Avave 
length  and  correspondingly  long  period,  but  of  small  amplitude. 

The  city  of  Cincinnati  and  its  surburban  towns  have  given  many 
reports.  In  the  upper  stories  of  large  buildings  it  created  general 
excitement  and  often  considerable  alarm,  while  upon  the  sidewalks 
and  pavements  it  Avas  not  generally  observed.  It  Avas  of  sufficient 
force  to  break  up  many  meetings  and  to  stop  many  clocks,  to  rattle 
window-weights  and  windows,  to  aAvaken  some  sleepers,  and  in  sensi¬ 
tive  localities  to  produce  considerable  confusion.  From  this  city  and 
its  neighborhood  come  an  unusually  large  number  of  good  time 
reports. 
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In  the  State  of  Indiana  the  intensity  was  clearly  less  than  in  Ohio. 
In  the  latter  State  it  is  rare  to  find  a  town  or  village,  however  small, 
that  was  not  aroused  by  the  shocks,  excepting  in  the  northwestern 
paid  of  the  State  ;  but  in  Indiana  a  large  number  of  places  return 
negative  reports.  Nearly  all  of  the  large  towns,  however,  were  per¬ 
ceptibly  affected  and  some  of  them  strongly  so.  In  Indianapolis  it 
was  generally  observed  by  persons  favorably  situated,  but  was  un¬ 
noticed  by  many.  As  usual,  the  occupants  of  higher  rooms  perceived 
it  both  as  a  continuous  tremor  and  a  regular  oscillation.  At  one  of 
the  rooms  considerable  confusion  was  created  among  the  guests,  and 
a  large  coping  stone,  probably  not  fast  in  its  place,  was  shaken  down 
upon  the  pavement  below.  In  the  tower  of  the  court-house  the  sway¬ 
ing  was  so  great  as  to  terrify  the  watchman,  who  escaped  in  alarm. 
The  great  clock  in  this  tower  was  stopped.  At  Evansville,  on  the 
Ohio  River,  the  vibration  was  marked  and  was  noted  by  a  large 
number  of  persons.  In  the  southeastern  part  of  the  State  it  rarely 
failed  to  make  itself  felt  decidedly,  and  nearly  all  of  the  localities 
heard  from  in  that  quarter  give  positive  answers.  In  the  northwestern 
quarter  the  reverse  is  the  case.  Few  localities  give  a  positive  reply, 
and  the  majority  are  negative.  At  Terre  Haute,  in  the  western  part 
of  the  State,  the  shaking  seems  to  have  been  abnormally  great.  A 
panic  was  created  by  it  in  the  Opera  House,  and  it  seems  to  have  been 
felt  very  decidedly  by  a  large  portion  of  the  population.  It  was  noted 
in  high  buildings,  as  usual,  much  more  decidedly  than  in  low  ones. 

In  southwestern  Indiana  and  southeastern  Illinois  is  a  considerable 
region  where  the  reports  indicate  a  defect  of  intensity.  All  around 
this  locality,  in  southwestern  and  central  Illinois,  in  western  Kentucky, 
and  southeastern  Indiana,  the  reports  of  well-marked  vibrations  are 
very  general.  In  the  defective  tract  few  localities  give  any  indication 
of  them.  This  defect  was  observed  early  in  the  course  of  the  inves¬ 
tigation,  and  in  order  to  ascertain  whether  it  were  real  or  only  ap¬ 
parent,  special  investigation  was  made,  with  the  result  that  the  earth¬ 
quake  was  certainly  less  forcible  there  than  in  surrounding  regions. 
Such  earthquake  “ shadows”  are  by  no  means  uncommon.  Their 
causes  can  only  be  conjectured.  Another  earthquake  shadow  seemed 
to  be  indicated  in  the  northern  part  of  Illinois.  Here  there  is  more 
room  for  question.  This  part  of  the  State  is  very  remote  from  the 
center  of  disturbance;  vibrations  would  necessarily  be  very  feeble, 
and  it  is  in  no  way  surprising  that  large  tracts  should  give  no  indi¬ 
cations  of  it  near  the  limits  of  sensibility.  On  the  other  hand,  there 
were  several  places  in  Illinois  where  it  was  felt  with  a  force  that  seems 
somewhat  abnormal.  Thus  at  Murphysborougli  the  shock  is  re¬ 
ported  as  exceptionally  severe.  Glassware  was  rattled,  doors  and 
windows  vibrated  strongly,  the  fire  bell  in  the  court-house  was  rung, 
hanging  lamps  oscillated,  and  a  lodge  meeting  in  a  second-story  room 
was  panic  stricken,  the  members  rushing  in  dismay  into  the  street. 
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Many  people  also  complained  of  nausea.  There  were  said  to  be  two 
shocks,  each  lasting  more  than  a  minute. 

In  Chicago  the  shocks  were  felt  very  forcibly  in  lofty  buildings, 
but  in  the  lower  stories  very  few  people  observed  it  at  all.  It  may 
be  of  interest  to  reproduce  the  reports  given  in  the  Chicago  papers. 

[Chicago  Herald  and  Inter-Ocean. J 

In  Chicago  the  shock  was  felt  about  9  o'clock,  city  time,  the  vibration  being  es¬ 
pecially  noticeable  in  the  upper  stories  of  the  larger  and  taller  buildings.  People 
on  the  streets  and  on  the  lower  floors  do  not  seem  to  have  noticed  the  shock. 

At  the  Leland  Hotel  guests  on  the  upper  floors  became  so  alarmed  that  they  left 
their  rooms  and  ran  into  the  adjoining  halls  in  consternation.  Men  and  women, 
some  of  them  only  partially  clothed,  looked  at  each  other  in  amazement  and  terror, 
as  if  they  expected  that  their  stay  on  earth  was  to  be  summarily  terminated.  Un¬ 
der  the  intense  excitement  of  the  moment  several  ladies  became  hysterical  and 
refused  to  again  return  to  their  rooms.  The  sensation  exper  enced  is  described 
variously.  Some  liken  the  feeling  to  seasickness,  and  say  they  were  filled  with 
horror  at  what  they  could  not  explain.  One  guest  said:  “  I  seemed  to  suddenly 
lose  myself,  as  if  I  were  about  to  faint,  and  when  a  rocking-chair  moved  and  dif¬ 
ferent  objects  in  the  room  swayed  back  and  forth  I  didn't  know  but  the  whole 
establishment  was  about  to  collapse.  It  lasted  fully  half  a  minute,  the  building 
rocking  gently  all  the  time.”  It  required  the  best  arguments  of  attendants  in  the 
house  to  induce  the  guests  to  again  enter  their  rooms,  which  they  did  only  after 
nearly  a  half  hour  had  elapsed  and  they  felt  reasonably  sure  that  the  peculiar  phe¬ 
nomenon  would  not  again  manifest  itself. 

The  reading-room  of  the  Public  Library,  on  the  fourth  floor  of  the  City  Hall,  is  in 
a  large  gallery,  suspended  from  the  ceiling.  About  forty  people  sat  at  the  tables, 
interested  in  the  various  periodicals,  when  the  whole  gallery  swayed  to  and  fro 
under  the  motion  of  the  terrestrial  disturbance.  Papers  and  magazines  were 
thrown  hurriedly  down  and  the  people  scrambled  out  of  their  perch  and  down¬ 
stairs  in  pell-mell  order.  The  shock  was  not  perceptible  in  the  other  parts  of  the 
City  Hall. 

In  the  Richelieu  the  shock  was  slightly  felt.  The  Beaurivage  apartment  build¬ 
ing  was  shaken  up  in  that  part  above  the  fourth  floor,  the  plastering  being  shaken 
from  the  walls  and  ceiling  in  several  of  the  rooms. 

The  earthquake  was  very  perceptibly  felt  on  the  ninth  floor  of  the  Pullman 
building.  In  the  cafe  the  glass  and  china  ware  was  jingled  up  with  a  great  clatter, 
but  there  was  no  damage  done. 

At  the  Commercial  Hotel  the  shock  was  plainly  felt. 

The  shock  was  distinctly  noticed  in  the  Major  Block,  at  the  corner  of  LaSalle  and 
Madison  streets  and  its  vicinity.  The  janitor  of  the  Major  Block  and  his  family 
were  eating  supper,  when  the  dishes  rattled  on  the  tables  and  the  walls  of  the 
building  trembled.  The  family  ran  out  of  the  room  in  alarm,  thinking  that  another 
explosion  had  occurred,  or  that  the  building  was  going  to  fall.  They  mentioned 
the  fact  to  the  signal  service  observer,  who  is  in  the  same  building,  and  he  explained 
that  it  was  a  slight  earthquake. 

Judge  Prendergast  was  sitting  in  his  parlor  at  No.  534  West  Jackson  street  a  few 
minutes  before  9  o’clock,  and  he  felt  the  house  shaking.  The  motion  was  quite 
violent,  and  the  judge  thought  the  house  was  about  to  tumble.  The  shaking 
ceased  as  suddenly  as  it  began. 

Several  persons  who  were  in  Clancey's  drug  store,  at  No.  525  Van  Buren  street, 
felt  the  shock  also,  and  one  woman  rushed  out  of  the  store  very  much  frightened. 

The  shock  was  distinctly  felt  in  all  parts  of  this  city  and  in  many  other  neigh- 
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boring  cities.  W.  W.  Leftingwell,  the  manager  of  the  central  telephone  station, 
was  besieged  for  an  hour  after  the  event  by  persons  anxious  to  know®\vliat  caused 
the  shock.  No  special  damage  was  reported. 

“  I  was  sitting  at  my  desk  watching  the  boys,”  said  Mr.  Leffingwell,  “  when  I  felt 
the  swaying  motion.  The  blinds  moved  slightly,  and  some  of  the  pegs  in  the  con¬ 
necting  apparatus  fell  out  of  place.  The  boys  who  were  on  their  feet  and  walking 
around  did  not  feel  the  motion  at  all.  Evanston  people  were  quite  badly  scared  by 
it.  It  must  have  been  a  good  deal  stronger  up  there,  as  they  say  that  chairs  were 
moved  in  the  first  floors  of  buildings.  Out  at  Elgin  no  one  knew  that  there  had 
been  a  shock,  though  the  Milwaukee  folks  were  fully  alive  to  the  fact.” 

At  the  Tremont  House  the  shock  was  marked.  W.  H.  Shaffer,  the  night  clerk, 
who  at  the  time  was  asleep  in  the  upper  story,  was  aroused  by  the  moving  of  his 
bed.  Guests  ran  from  their  rooms,  and  for  a  time  were  badly  frightened.  No  dam¬ 
age  was  discovered,  with  the  exception  of  the  cracking  of  a  large  glass  skylight. 

Throughout  the  State  of  Kentucky  the  earthquake  exhibited  con¬ 
siderable  force.  In  the  eastern  part  of  this  State  it  was  decidedly 
strong.  The  mountainous  character  of  eastern  Kentucky,  its  scanty 
population,  and  the  lack  of  large  towns  rendered  it  somewhat  diffi¬ 
cult  to  obtain  full  reports,  but  special  effort  to  procure  them  was  at¬ 
tended  with  success,  and  the  indications  which  they  give  are  decisive. 
The  energy  of  the  shocks  in  that  region  was  great,  ranging  from 
strong  to  severe.  They  were  forcible  enough  to  crack  walls  and 
overthrow  chimneys,  always  creating  alarm  and  sometimes  terror. 
The  intensity  in  eastern  Kentucky  appears  to  have  exceeded  what 
might  have  been  expected  there.  Westward  in  the  same  State  the 
energy  exhibited  a  steady  diminution.  In  the  central  portion,  while 
sometimes  strong  and  always  moderate,  it  was  obviously  much  less 
forcible  than  in  the  eastern  portion.  In  the  western  part  of  the 
State  the  intensity  showed  much  enfeeblement,  and  although  quite 
sensible  near  the  Mississippi  River,  it  vanished  about  a  hundred 
miles  to  the  west  of  it.  It  will  be  of  interest  here  to  note  the  in¬ 
tensity  in  the  southeastern  part  of  Missouri,  in  the  vicinity  of  New 
Madrid,  which  was  in  the  epicentral  tract  of  the  great  earthquakes 
of  1811-T2.  We  shall  thus  be  enabled  to  make  some  comparison 
between  these  two  gieat  earthquakes. 

Let  us  first  recall  the  effects  of  the  New  Madrid  earthquake  in 
Charleston.  A  careful  comparison  of  the  accounts  preserved  indi¬ 
cate  that  they  were  as  violent  at  least  as  that  of  the  Charleston 
earthquake  in  Atlanta,  Asheville,  Raleigh,  and  Wilmington.  The 
accounts  given  by  localities  situated  about  two  hundred  miles  from 
Charleston  approximate  very  closely  the  indicated  intensity  of  the 
Newr  Madrid  earthquake  in  Charleston.  The  distance  between  the 
epicentra  of  the  two  earthquakes  is  about  six  hundred  miles.  At 
New  Madrid  the  Charleston  earthquake  was  felt  only  as  a  very 
feeble  tremor,  noticed  indeed  by  a  number  of  persons,  but  exciting 
no  comments  at  the  time,  because  such  tremors  are  felt  there  rather 
frequently.  It  will  thus  be  seen  that  the  New  Madrid  earthquake 
was  a  convulsion  vastly  exceeding  that  of  Charleston. 
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The  effects  in  Tennessee  were  very  similar  to'  those  in  Kentucky. 
The  eastern  part  of  the  State  was  very  forcibly  shaken,  and  every 
town  in  that  region  was  aroused  by  it.  At  Knoxville  the  alarm  was 
general.  Many  walls  were  slightly  cracked,  window  glasses  broken, 
furniture  moved,  meetings  ended  in  a  panic,  and  the  population 
thrown  into  a  state  of  excitement  sometimes  amounting  to  alarm 
and  terror.  Reports  from  surrounding  towns  in  East  Tennessee 
give  indications  of  equal  violence.  In  the  central  part  of  the  State 
the  vigor  of  the  shocks  was  also  considerable. 


[Nashville  Daily  Chronicle.] 

In  the  Chronicle  office  (Nashville),  third  floor,  walls  and  floors  shook,  windows 
rattled,  and  a  sensation  like  seasickness  was  caused.  The  entire  force  in  the 
printing  office  made  a  rush  for  the  stairway  and  ran  out  of  doors.  From  every 
building,  as  far  as  the  eye  could  reach,  people  were  running  for  safety  out  into  the 
middle  of  the  street.  There  were  three  distinct  shocks:  the  first  at  8.55,  lasting 
possibly  40  seconds;  the  second  at  9.03,  and  the  third  at  9.09;  the  last  two  of  30 
seconds  duration  each,  and  they  were  barely  felt.  The  first  shock  might  be  termed 
violent.  The  first  sensation  was  a  slight  quiver,  which  grew  in  violence  until  the 
walls  of  the  building  rocked  to  and  fro.  There  also  seemed  to  be  a  feeling  of  a 
vibratory  motion,  as  if  the  shock  were  made  up  of  several  distinct  waves.  No 
damage  was  done  beyond  the  breaking  of  a  few  panes  of  glass  and  the  cracking  of 
plastering. 

Numerous  towns  surrounding  Nashville  give  reports  indicating  a 
similar  intensity.  In  the  western  part  of  the  State  the  force  of  the 
tremors,  though  notably  less,  seem  to  have  been  remarkably  well 
sustained.  At  Memphis,  on  the  Mississippi  River,  they  were  strongly 
marked,  attracting  almost  universal  attention.  A  very  interesting 
account  has  been  given  by  Sergeant  D.  T.  Flannery,  of  the  Signal 
Service,  stationed  at  Memphis,  from  which  it  appears  that  few  peo¬ 
ple  in  that  city  failed  to  observe  and  recognize  the  shocks.  The  in¬ 
tensity  was  sufficient  to  stop  many  clocks,  to  start  two  clocks  which 
were  previously  at  rest,  and  to  retard  13  seconds  the  standard  clock 
which  controls  the  time  of  the  city.  Suspended  objects  were  made 
to  swing,  windows  and  doors  were  rattled,  rocking-chairs  set  in  mo¬ 
tion,  and  very  sensible  vibrations  communicated  to  beds  on  which 
persons  were  lying.  The  oscillation  of  buildings  was  almost  uni¬ 
versal,  and  was  felt  not  only  in  upper  stories,  where  it  was  much 
more  forcible,  but  frequently  in  the  lower  ones.  Meetings  were 
broken  up  in  confusion  and  the  occupants  of  many  buildings  ran 
hastily  into  the  streets.  The  manifestations  at  Memphis  seem  ab¬ 
normally  great  when  the  distance  from  the  origin  is  considered. 
Surrounding  towns,  however,  indicate  an  intensity  not  appreciably 
different. 

Crossing  the  Mississippi  into  Arkansas,  we  find  the  intensity 
fading  out  with  rapidity  to  the  westward.  A  few  localities  in  the 
northeastern  part  of  that  State  give  positive  reports,  but  many  of 


348 


THE  CHARLESTON  EARTHQUAKE. 


them  give  negative  ones,  and  in  the  central  part  of  Arkansas  it 
does  not  appear  to  have  been  recognized  at  all. 

Alabama  was  everywhere  shaken,  but  with  an  energy  which  may 
range  from  “light”  in  the  southern  part  of  the  State  to  “strong”  in 
the  northeastern  part.  Throughout  the  greater  part  of  it  the  inten¬ 
sity  was  about  normal,  though  in  the  southwestern  portion  the  in¬ 
dications  suggest  somewhat  less  than  the  normal.  Here  begins  to 
show  itself  that  tendency,  already  referred  to,  of  the  isoseismal  lines 
to  crowd  together  in  a  southwesterly  direction.  It  is  shown  most 
clearly  in  the  State  of  Mississippi.  The  delta  deposits  of  the  river 
are  of  great  thickness  in  the  southern  part  of  that  State,  and  as  they 
are  not  well  suited  for  the  transmission  of  the  elastic  impulses  of  the 
earthquake,  they  were  expected  to  show  a  great  defect  in  the  energy. 
This  is  clearly  the  case.  Very  few  places  in  southern  Mississippi 
return  affirmative  reports,  though  in  the  northern  part  of  the  State 
the  intensity  appears  to  have  been  quite  normal.  In  Louisiana  two 
places  only  have  given  affirmative  reports,  one  being  the  Rigollets 
light- house,  where  it  was  betrayed  by  the  swaying  of  the  tall  tower; 
the  other  New  Orleans,  where  a  very  few  persons  in  a  large  city 
recognized  the  tremors  and  identified  them.  We  may  believe  that 
the  waves  were  propagated  in  the  profounder  depths  and  among  the 
more  solid  rocks  beneath  this  region  without  any  sensible  loss  of 
energy;  but  in  passing  through  so  great  a  thickness  of  unconsoli¬ 
dated  or  imperfectly  consolidated  material  as  that  which  constitutes 
the  Mississippi  Delta,  the  extinction  of  a  large  part  of  the  energy  is 
to  be  expected.  It  is  a  repetition  of  the  fact  presented  along  the 
Atlantic  coast  both  north  and  south  of  Charleston,  though  exempli¬ 
fied  here  upon  a  somewhat  broader  area. 

The  foregoing  abstract  of  the  effects  of  the  earthquake  throughout 
the  country  at  large  deals  only  with  the  distribution  of  intensity. 
The  direction  of  motion  is  studiously  ignored.  Without  means  of 
determining  the  actual  motion  of  any  point  upon  the  ground,  it  has 
been  deemed  useless  to  encumber  the  record  with  the  various  state¬ 
ments  made  in  the  reports  as  to  the  directions  inferred.  We  know 
now  that  these  motions  are  in  every  direction,  and  that  a  house  or 
other  structure  is  set  vibrating  in  whatsoever  direction  its  elastic 
yielding  is  greatest;  in  other  words,  the  direction  of  oscillation  de¬ 
pends  upon  the  structure  itself  and  not  upon  the  direction  of  the  pass¬ 
ing  wave.  It  is  only  in  localities  within  and  near  the  epicentral  tract 
of  a  great  earthquake  that  indications  of  direction  (other  than  those 
obtained  by  good  seismographs)  are  of  much  utility  or  instruction. 

Neither  has  any  particular  mention  been  made  of  the  duration  of 
the  shocks.  This  is  a  matter  of  much  more  interest  and  importance. 
But  the  reports  are  so  uncertain,  the  observations  of  duration  so 
poorly  made  in  almost  all  of  the  cases,  that  it  has  been  deemed  best 
not  to  attempt  to  extract  anything  from  them  in  this  chapter. 
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The  study  of  the  isoseismals  has  involved  a  very  large  amount  of 
labor  and  has  yielded  a  very  small  result.  Much  was  hoped  from 
the  vast  number  of  reports  obtained  from  all  parts  of  the  country, 
but  the  hope  has  been  in  great  part  disappointed.  The  reasons  are 
soon  stated.  In  the  absence  of  good  instrumental  measurements 
of  the  motions  of  the  ground  during  an  earthquake  we  have  no  re¬ 
source  but  to  infer  relative  intensities  from  the  effects  of  the  shaking 
upon  structures  and  natural  objects,  and  upon  the  sensations  and 
emotions  of  persons.  If  we  could  reach  just  estimates  of  these  effects 
no  doubt  much  would  be  gained  by  comparing  large  numbers  of 
them  with  each  other.  But  this  is  difficult  to  attain,  because  the 
persons  who  make  the  reports  differ  widely  in  temperament  and  in 
judgment;  very  few  of  them  are  skilled  observers,  and  fewer  still 
ever  before  experienced  a  forcible  earthquake.  Hence  a  majority  of 
the  reports  are  much  impaired  by  the  imperfections  of  the  observa¬ 
tions.  A  large  number  of  them  are  derived  from  newspapers.  But 
the  American  newspaper  reporters  frequently  consider  it  for  the  in¬ 
terest  of  the  journals  they  serve  to  tincture  their  accounts  with  two 
qualities:  first,  the  sensational;  second,  the  funny.  This  habit  may 
or  may  not  promote  the  interests  of  journalism.  It  does  not  help 
the  scientific  investigation  of  an  earthquake.  There  are  certainly 
many  gratifying  exceptions  to  the  general  rule.  Some  of  the  ac¬ 
counts,  especially  those  given  by  the  press  associations,  were  written 
with  calmness,  sincerity,  and  dignity,  and  bear  internal  evidence  of 
sincere  efforts  to  state  whatever  facts  were  noted  with  exactitude  and 
candor.  The  greatest  defect  of  such  reports  is  a  negative  one;  they 
seldom  state  that  the  earthquake  was  not  felt  where  it  might  have 
been  expected  to  be  sensible.  Confining  themselves  to  statements 
of  the  most  striking  results  and  silent  about  everything  else,  they 
are  apt  to  leave  the  impression  that  these  emphatic  manifestations 
are  typical  or  representative,  while  in  reality  they  are  exceptional, 
and  unless  caution  is  exercised  by  the  investigator  are  also  mislead¬ 
ing.  It  is  as  interesting  and  quite  as  important  to  know  what  the 
earthquake  failed  to  do  as  to  know  what  it  did. 

Another  difficulty  arises  from  the  want  of  any  rational  standard  of 
comparison  between  the  different  degrees  of  intensity.  For  example, 
how  much  greater  in  terms  of  energy,  or  of  any  other  unit  of 
measure,  is  an  intensity  which  will  crack  brick  walls  and  overthrow 
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chimneys  than  an  intensity  which  will  merely  dislodge  some  loose 
plastering,  ring  a  few  house  bells,  rattle  windows,  and  perhaps  alarm 
a  negro  prayer-meeting.  Undoubtedly  after  reading  two  such  ac¬ 
counts  the  reader  will  be  impressed  with  the  conviction  that  there 
was  a  decided  difference  ;  but  he  will  have  no  means  of  judging  how 
great  that  difference  may  have  been.  In  the  current  practice  of 
estimating  intensities  there  is  no  established  unit,  and  there  cannot, 
consecpiently,  be  any  definite  comparison  between  them.  It  is  pre¬ 
sumed  of  course  that  there  is  some  conceivable  unit  of  energy,  but 
it  has  not  been  possible  hitherto  to  employ  any  such  unit  as  a  meas¬ 
ure  of  those  indications  of  energy  which  we  are  compelled  to  rely 
upon  in  forming  our  provisional  and  arbitrary  estimates.  All  that 
we  can  gather  from  the  isoseismals  therefore  is  the  mere  fact  that  in 
certain  places  the  intensity  was  greater  than  in  others  or  less  than 
in  some  third  series  of  places;  how  much  we  can  not  say. 

In  selecting  a  scale  of  intensity  based  upon  the  sensible  effects  of 
the  earthquake  the  Rossi-Forel  scale  was  finally  chosen.  The  first 
series  of  circulars  distributed  immediately  after  the  earthquake  em¬ 
braced  a  scale  established  by  Prof.  C.  G.  Rockwood,  containing  only 
five  degrees  of  intensity.  It  was  found,  however,  that  in  most  cases 
it  was  possible  to  distinguish,  with  a  fair  degree  of  confidence,  inter¬ 
mediate  degrees  of  intensity,  and  as  the  Rossi-Forel  scale  ranged 
through  ten  degrees,  it  was  thought  best  to  employ  it  in  all  subse¬ 
quent  circulars,  and  also  to  re-estimate  the  intensities  given  in  the 
Rockwood  scale  in  conformity  with  Rossi-Forel.  This  re-estimate 
was  found  to  be  quite  practicable  in  most  cases.  It  was  not,  how¬ 
ever.  free  from  difficulty,  and  one  of  a  curious  kind  is  worth  recording. 
After  estimating  some  hundreds  of  reports,  I  found  to  my  surprise 
that  my  own  subjective  standard  (I  can  think  of  no  other  term  to 
characterize  it)  had  undergone  a  gradual  change.  Effects  which 
were  adjudged  to  indicate  an  intensity  of  four  or  ffive  in  the  earlier 
stages  of  the  process  were  later  on  adjudged  to  indicate  a  lower  and 
lower  intensity.  This  necessitated  beginning  the  process  over  again. 
In  spite  of  precautions  the  same  defect  repeated  itself.  It  was  not 
until  the  fourth  or  fifth  trial  that  this  unsteadiness  of  the  mental 
machine  could  be  prevented. 

PI.  XXTX  exhibits  the  isoseismals.  Probably  no  two  persons  tak¬ 
ing  the  same  data  independently  would  draw  exactly  similar  Jines. 
Nevertheless  it  is  believed  that  all  of  the  principal  features  of  the 
drawing  here  given  would  appear  in  one  form  or  another  if  a  similar 
work  were  undertaken  by  any  other  person. 

It  is  to  the  irregularites  of  these  lines  that  we  must  look  for  in¬ 
struction  or  suggestion.  But  they  suggest  little.  Several  areas  of 
earthquake  shadow  are  indicated,  of  which  perhaps  the  most  nota¬ 
ble  is  in  West  Virginia.  A  closer  grouping  of  the  isoseismals  along 
the  coast  than  in  the  interior  also  appears,  the  explanation  of  which 
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lias  already  been  proposed.  It  will  be  perceived  that  the  intervals 
between  isoseismals  is  not  very  unequal  from  the  epicentrum  to  the 
remotest  points  of  sensibility.  If  this  be  a  true  representation  of 
the  variation  of  intensity,  and  if  the  intervals  between  any  two  cor¬ 
respond  to  a  difference  of  intensity  equal  for  all  intervals,  then  it 
would  follow  that  the  intensity  was,  on  the  average,  inversely  pro¬ 
portional  to  the  distance  in  a  simple  reciprocal  ratio.  But  accord¬ 
ing  to  universal  laws  governing  all  radient  energy  or  energy  moving 
away  from  a  center,  it  should  diminish  as  the  square  of  the  distance 
increases,  provided  no  energy  is  dissipated  in  the  transmission. 
But  if  energy  be  dissipated,  the  rate  of  diminution  must  be  still 
greater.  Here  is  suggested  at  once  the  need  of  a  much  more  defi¬ 
nite  understanding  as  to  the  relative  degrees  of  intensity  the  several 
isoseismals  ought  to  express.  As  the  case  now  stands  there  is  no 
assignable  relation  of  one  isoseismal  to  another.  To  ascertain  what 
relations  they  might  express  we  must  have  recourse  to  theory. 

Let  us  revert  to  the  intensity  curve  which  was  deduced  in  Chapter 
IV.  Only  that  portion  of  the  curve  was  there  used  which  applied  to 
intensities  in  the  epicentral  tract  and  its  vicinity.  It  has  two  sym¬ 
metrical  branches,  extending  to  infinity  in  both  directions,  and  the 
axis  of  abscissas  is  an  asymptote  to  both  branches.  We  are  to  con¬ 
sider  how  the  intensities  at  different  distances  jwould  compare  with 
each  other  on  the  assumption  that  no  energy  is  lost  in  the  transmis¬ 
sion. 

The  following  table  will  show  the  ratio  of  the  intensity  at  distant 
points  to  that  at  the  epicentrum,  on  the  assumption  that  the  depth 
of  the  focus  is  12  miles: 


Distance 

from 

epicentrum. 

Ratio  of 
intensity. 

Ratio  of 
amplitude. 

Distance 

from 

epicentrum. 

,  Ratio  of 
"intensity. 

Ratio  of 
amplitude. 

Miles. 
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12 

.5 

.  7 
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.04 

24 

.2 

.447 

400 
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.03 

36 

.1 

.316 

500 

.00058 

.024 

48 
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.242 
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.00040 

.020 

60 

.0389 

.197 

700 

.00029 

.017 

72 

.027 

.164 

800 

.  000225 

.015 

84 

.020 

.141 

900 

.000178 

.0133 

96 

.0156 

.  125 

1,000 

.  000144 

.0120 

100 

.0142 

.119 

1,100 

.000119 

.0109 

200 

.  0036 

.06 

1,200 

.0001 

.01 

From  this  it  will  appear  that  the  differences  of  intensity  between 
the  outer  isoseismals  are  very  small,  while  those  between  the  inner 
isoseismals  are  many  times  greater.  If  our  estimate  of  the  depth  of 
the  focus  is  correct,  then  the  intensity  at  the  most  distant  points  at 
which  the  earthquake  was  felt  must  have  been  less  than  the  six-thou 
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sandth  part  of  the  intensity  at  the  epicentrum.  Even  this  enormous 
difference  makes  no  allowance  for  any  loss  of  energy  in  transit,  which 
must  correspondingly  magnify  the  disproportion.  It  is  evident  that 
without  accurate  measurements  of  intensity  and  a  large  number  of 
them  the  outer  isoseismals  can  convey  but  little  meaning.  But  an 
important  question  may  be  raised  here.  Is  it  not  possible  that  the 
intensity  of  every  earthquake  may  be  considered  as  approximately 
the  same  at  the  extreme  distances  at  which  it  is  felt?  If  this  were 
true  we  should  then  have  one  ordinate  for  the  intensity  curve  of 
every  earthquake,  and  if  we  could  determine  the  depth,  or  could  de¬ 
termine  one  other  ordinate,  we  should  be  able  to  find  the  whole  curve, 
and  thus  compare  all  earthquakes  with  each  other.  The  answer  to 
this  question  is  so  qualified  as  to  be  of  little  value  at  present.  It  will 
appear  in  the  following  chapter  that  when  different  waves  are  com¬ 
pared  the  effects  they  produce  are  dependent  not  wholly  upon  their 
intensity  (which  will  be  defined  to  be  the  amount  of  energy  per  unit 
area  of  wave  front);  but  with  equal  energies  the  effects  will  differ 
with  the  varying  periods,  wave  lengths,  and  amplitudes,  in  such  a 
way  that  no  exact  comparison  is  possible  until  we  know  all  these 
factors  which  go  collectively  to  make  up  the  intensity.  Further¬ 
more,  the  intensity  of  a  single  wave  may  be  great  and  yet  produce  a 
smaller  perceptible  effect  than  the  cumulative  result  of  a  considera¬ 
ble  number  of  waves  each  of  much  smaller  intensity.  Thus  the  dura¬ 
tion  of  the  shocks  may,  and  in  most  cases  probably  does,  constitute 
an  important  factor.  And,  finally,  we  do  not  know  what  proportion 
of  the  energy  is  lost  in  the  propagation  of  the  waves.  This  loss  of 
energy  must  modify  the  fundamental  law  of  variation  of  intensity 
with  the  distance  which  we  are  here  assuming. 

Notwithstanding  these  difficulties,  all  of  which  must  qualify  our 
conclusions,  it  is  believed  that  they  may  possibly  be  insufficient  to 
wholly  vitiate  them  and  to  render  them  absolutely  worthless.  It 
certainly  seems  as  if  the  smallest  intensities  which  seismoscopes  of 
uniform  pattern  would  record  upon  the  outermost  isoseismals  may 
represent  energies  in  different  earthquakes  which  are  not  very  un¬ 
equal.  If  this  be  so,  then  the  mean  distance  of  such  an  isoseismal 
from  the  origin  would  become  a  measure  of  the  total  energy  of  the 
earthquake,  not  however  in  absolute,  but  in  relative,  terms.  The  to¬ 
tal  energy  would  in  that  case  be  proportional  to  the  square  of  the 
greatest  distance  at  which  such  an  intensity  was  manifested.  If  we 
can  determine  any  two  ordinates  of  the  intensity  curve,  or  one  ordi¬ 
nate  and  the  depth  of  the  focus,  we  can  determine  the  entire  curve. 

These  considerations  suggest  a  method  by  which  we  may  seek  to 
establish  some  system  of  isoseismals  which  will  be  more  rational 
than  the  arbitrary  one  now  in  general  use.  By  the  present  method 
the  isoseismals  express  the  wall-cracking  power,  the  chimney-break¬ 
ing  power,  the  man -frightening  power,  etc.  They  really  express 
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very  little  of  what  we  wish  to  know.  Although  they  indicate  that 
one  area  was  more  forcibly  shaken  than  another,  they  do  not  convey 
the  remotest  idea  how  much  more  forcibly.  What  we  really  want 
is  a  system  which  will  express  graphically  the  ratio  which  the  en¬ 
ergy  displayed  in  one  region  bears  to  that  displayed  in  another  in 
terms  of  some  unit  of  energy.  I  believe  such  a  system  may  in 
future  become  possible,  though  I  concede  the  present  difficulty  of 
procuring  the  data  for  it.  The  mathematical  theory  upon  which  it 
may  be  founded  is  soon  stated.  Its  practical  exemplification  must 
be  a  matter  of  future  research. 

A  system  of  isoseismals  as  here  contemplated  would  express  the 
relation  between  two  variables,  viz:  (1)  the  distance  from  the  epicen- 
trumand  (2)  the  intensity,  or  some  function  of  the  intensity,  measured 
in  units  of  energy.  The  independent  variable  must  obviously  be  the 
distance  from  the  epicentrum;  the  function  must  be  the  intensity. 
For  every  observation  a  map  and  a  scale  gives  us  the  distance.  It 
remains  to  measure  the  intensity.  The  only  possible  source  of  in¬ 
formation  at  present  available  for  this  purpose  is  the  seismograph. 
It  measures  amplitudes  and  wave  periods.  If  we  also  know  either  the 
wave  speed  or  the  wave  length  the  record  would  be  complete.  Here 
is  a  serious  difficulty  at  once.  Although  the  Charleston  earthquake 
has  probably  settled  the  first  near  approximation  to  the  true  speed 
of  a  deeply  seated  wave,  it  does  not  affect  the  question  of  the  speed 
of  those  transformed  surface  vibrations  which  the  seismograph  meas¬ 
ures.  We  may  hope  however,  as  the  result  of  such  experiments  as 
those  begun  by  Mallet  and  prosecuted  by  Ewing  and  Milne  in  Japan 
and  by  Fouqud  and  Michel-Levy  in  France,  to  ascertain  something 
more  definite  about  wave  speeds  in  the  surface  soils  and  in  different 
kinds  of  rocky  strata  near  the  earth’s  surface. 

There  is  another  difficulty  to  be  met,  viz:  the  fact  that  amplitude 
and  wave  period  both  vary  in  closely  adjoining  localities.  These  dif¬ 
ferences  are  due  presumably  to  surface  conditions,  i.  e.,  to  the  kind 
of  rock  or  soil  which  constitute  the  superficial  masses.  Time  and 
experience,  however,  with  multiplied  observations,  may  enable  us  to 
judge  what  allowance  must  be  made  for  such  perturbations.  In  the 
long  run  and  with  many  observations  such  discordances  may  be 
treated  as  accidental  errors,  which  maybe  in  greatest  part  eliminated. 

The  question  as  to  the  dissipation  of  energy  in  transmission  is  one 
which  may  be  disposed  of  with  little  comment.  The  proportion  of  en¬ 
ergy  so  lost  is  probably  small  in  the  depths  of  the  earth.  Whatever 
portion  reaches  the  surface  is  probably  almost  wholly  dissipated  there, 
very  little  of  it  being  reflected  back  into  the  earth.  Taking  an  anal¬ 
ogy  from  light,  the  case,  so  far  as  regards  reflection,  is  probably 
analogous  to  that  of  rays  passing  through  a  transparent  medium 
and  falling  at  its  boundary  upon  a  rough  black  surface. 

The  foregoing  considerations  may  be  of  utility  in  determining 
0  geol - 23 
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future  methods  of  observing  earthquake  phenomena.  They  indicate 
the  importance  of  establishing  a  large  number  of  seismoscopes,  or 
instruments  for  merely  noting  the  fact  of  a  tremor  of  an  intensity 
not  less  than  some  definite  degree  and  the  time  of  its  occurrence ; 
secondly,  a  moderate  number  of  seismographs  located  in  carefully 
selected  places  and  in  groups,  which  may  give  indications  of  ampli¬ 
tude  and  wave  period.  The  first  class  of  instruments  are  cheap  and 
simple;  the  second,  costly  and  elaborate.  Both  maybe  necessary  to 
the  complete  scientific  investigation  of  the  earthquake. 


CHAPTER  VII. 


THE  SPEED  OF  THE  SHOCKS. 

At  the  time  of  the  earthquake  there  was  not  within  the  United 
States  a  single  seismoscope  or  other  suitable  instrument  of  precision 
on  guard  and  so  connected  with  a  clock  as  to  give  an  accurate  record 
of  the  time  at  which  the  impulses  arrived.  Nevertheless  there  were 
several  circumstances  which  gave  hope  that  a  fairly  satisfactory 
result  might  he  reached.  In  the  first  place,  the  shocks  had  been  felt 
throughout  a  vast  extent  of  country  and  were  observed  nearly  a 
thousand  miles  from  their  origin,  thus  giving  us  a  long  “  base  line,"’ 
so  to  speak.  Within  this  great  disturbed  tract  resided  nearly  forty 
millions  of  civilized  people,  provided  abundantly  with  clocks  and 
watches,  with  newspapers,  telegraphs,  and  railways.  But,  above  all, 
the  fact  which  gave  the  highest  encouragement  was  the  existence 
and  successful  working  of  the  standard  time  system,  whereby  once 
each  day  a  signal  is  telegraphed  from  an  astronomical  clock  to  every 
telegraph  station  in  the  country  at  an  appointed  hour,  minute,  and 
second.  Thus  every  village  reached  by  a  telegraph  line  has  the 
means  of  knowing  each  day  the  time  of  some  standard  meridian  to 
a  single  second.  Even  in  places  not  so  reached  (and  they  are  few  and 
small  in  importance)  the  means  of  almost  equal  accuracy  are  gener¬ 
ally  provided.  The  stage-driver  who  carries  the  mail  or  the  post¬ 
boy  who  crams  the  mail  into  his  saddlebags  sets  his  watch  at  the 
railway  station  with  all  practicable  accuracy  before  he  starts,  know¬ 
ing  that  some  farmer  along  the  wayside  or  some  of  the  villagers 
whose  doors  he  passes  will  demand  the  exact  time. 

The  difficulty  and  confusion  which  would  inevitably  have  arisen 
if  the  time-keeping  of  the  country  were  “  local”  instead  of  “stand¬ 
ard”  would  have  proved  insuperable.  It  is  quite  true  that  local 
time  is  still  kept  in  some  parts  of  the  country;  but  so  far  has  this 
been  from  a  disadvantage,  that  on  the  whole,  for  our  present  purposes, 
it  has  been  an  advantage.  Districts  which  keep  local  time  keep 
standard  time  also,  and  the  latter  has  almost  revolutionized  the  for¬ 
mer,  making  accurate  and  systematic  what  was  before  loose  and  un¬ 
systematic.  Between  the  80tli  and  85th  meridians  the  local  time  of 
some  neighboring  city  or  large  town  is  found  to  be  more  convenient 
for  most  purposes  than  standard  time.  Thus  around  Pittsburgh 
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many  towns  keep  the  local  mean  time  of  the  Allegheny  Observatory, 
which  is  20m  3s  west  of  the  75th  meridian.  They  also  have  the 
standard  time  of  that  meridian,  and  deduct  20  minutes  to  obtain  their 
local  time.  Towns  in  the  vicinity  of  Columbus,  Ohio,  and  as  far 
south  of  that  city  as  the  Ohio  River,  use  the  local  time  of  Columbus, 
but  not  that  of  their  own  localities.  The  correction  to  the  time 
of  the  75th  meridian  is  almost  exactly  32  minutes.  Thus  every 
intelligent  man  in  such  places  knows  that  he  must  add  a  certain 
number  of  minutes  to  his  local  time  to  get  the  time  of  the  railroad. 
The  result  is  that  local  time-keeping,  wherever  it  still  prevails,  has 
been  enormously  improved  by  the  superposition  of  the  standard  sys¬ 
tem.  The  latter  does  not  exclude  the  former,  but  helps  and  streng¬ 
thens  it. 

It  was  not  anticipated  that  one  person  in  a  hundred  would  note  the 
time,  nor  that  more  than  a  very  small  percentage  of  those  who  did 
note  it  would  send  their  observations  to  this  office.  But,  in  order  that 
as  many  observations  as  possible  should  be  secured,  the  notices  pub¬ 
lished  in  the  newspapers,  through  the  courtesy  of  the  Associated 
Press,  requested  all  persons  who  had  made  such  observations  to  for¬ 
ward  them  to  the  Director  of  the  Geological  Survey.  Many  persons 
did  so.  The  Chief  Signal  Officer  instructed  the  observers  of  his  bu¬ 
reau  who  had  noted  the  time  of  the  shock  to  report  it,  and  he  placed 
all  their  reports  at  the  service  of  the  Survey. 

The  Western  Union  Telegraph  Company,  at  my  request,  instructed 
its  operators  to  forward  similar  reports,  and  the  Liglit-House  Board 
sent  a  special  circular  of  instructions  to  all  its  light-keepers  to  send 
replies  to  the  formal  inquiries  promulgated  from  this  office  and  fur¬ 
nished  copies  of  them.  Special  effort  was  made  to  secure  newspapers 
from  as  many  localities  as  possible.  Most  of  the  leading  papers  of 
the  country  have  an  agent  or  reporter  at  Washington,  who  usually 
keeps  a  file  of  the  paper  he  serves.  The  Library  of  Congress  keeps 
files  of  two  or  more  newspapers  from  every  State.  As  many  of  these 
as  practicable  were  thoroughly  examined.  A  large  number  of  local 
papers  were  requested  to  furnish  copies  of  their  issues  of  September 
1,  2,  and  3,  and  they  complied.  Many  marked  copies  of  newspapers 
were  sent  to  the  Survey  voluntarily  from  unexpected  sources.  Alto¬ 
gether  more  than  four  hundred  time  reports  were  gathered  from  the 
various  sources. 

Necessarily  a  large  proportion  of  these  reports  were  useless.  In 
order  that  it  may  be  apparent  what  reports  were  selected  for  consid¬ 
eration,  and  what  ones  were  rejected  and  why  they  were  rejected, 
the  following  account  is  given.  Many  of  them  stated  that  the  shock 
occurred  “about  half  past  9,”  or  “about  10  o’clock,”  or  “a  few  min¬ 
utes  before  10.”  A  single  minute  is  a  large  quantity  in  this  relation, 
and  as  such  reports  involve  an  uncertainty  which  is  probably  much 
greater  than  one,  or  even  than  two,  minutes,  they  were  summarily 


DUTTON.] 


THE  SPEED  OF  THE  SHOCKS. 


357 


rejected.  But  when  the  report  stated  that  it  occurred  “  at  10  o’clock,” 
without  any  qualification,  it  was  taken  into  the  first  consideration, 
though  rejected  upon  the  second.  The  reports  from  liglit-houses 
generally  proved  unavailable.  These  structures,  being  situated  fre¬ 
quently  in  localities  where  access  to  standard  time  is  very  difficult, 
they  regulate  their  clocks  by  the  sun  and  an  almanac.  The  uncer¬ 
tainties  of  this  method  of  time-keeping  amount  to  several  minutes, 
and  are  too  great  to  justify  their  acceptance.  A  few  light-liouses 
are  within  reach  of  standard  time,  and  are  governed  by  it.  From 
these  a  few  very  good  reports  have  been  received.  There  were  also 
a  few  which  differed  so  widely  from  the  great  majority  of  reports 
that  they  were  thrown  out  at  once  as  involving  unexplained  errors 
of  great  magnitude — ten  minutes  or  more.  The  number  omitted 
from  the  first  list  for  this  reason  was  only  nine. 

As  fast  as  the  reports  were  received  they  were  scrutinized.  Those 
which  bore  internal  evidence  that  they  were  carefully  made  by  per¬ 
sons  who  had  the  means  of  knowing  the  time  with  accuracy  became 
the  subject  of  special  correspondence.  Others,  which  were  appar¬ 
ently  good  in  some  respects  but  defective  in  one  or  two,  were  fol¬ 
lowed  up  with  further  inquiry,  in  the  hope  that  more  information 
would  cure  the  defects.  In  only  a  few  cases  was  this  hope  real¬ 
ized. 

The  number  of  time  reports  gleaned  from  the  newspapers  was 
very  large,  and  though  subject  to  one  difficulty,  which  will  be  men¬ 
tioned  speedily,  they  proved  to  be  better  than  was  at  first  anticipated. 
It  is  the  custom  of  newspaper  reporters  to  state  the  time  at  which  any 
event  described  by  them  occurred.  Ordinarily  this  time  is  stated 
rather  roughly  as  occurring  at  or  about  some  particular  hour  or  half 
hour.  But  the  reporter’s  calling  demands  of  him  the  greatest  punc¬ 
tuality  in  some  things,  and  whenever  accuracy  of  specification  in 
matters  of  time  is  an  important  point  he  is  as  quick  to  recognize  this 
requirement  as  any  one  who  is  not  specially  expert  in  such  matters. 
The  great  majority  of  newspaper  reports  bear  internal  evidence  that 
they  endeavor  to  give  the  nearest  minute  of  the  principal  shock.  In 
the  papers  published  in  the  large  cities  or  towns  and  having  a  large 
circulation  there  is  little  trace  of  the  widely  prevalent  tendency  to 
consider  the  nearest  five  minutes  near  enough  for  all  practical  pur¬ 
poses.  There  is,  however,  the  following  difficulty:  these  papers  give 
special  dispatches  from  smaller  outlying  towns,  where  this  tend¬ 
ency  plainly  appears.  They  come  to  the  papers  from  occasional 
correspondents  less  active  and  less  clever  at  their  business  than  the 
keen,  hawk-eyed,  omnipresent  regulars  of  the  city  office.  These 
“specials  ”  from  outlying  towns  are  in  many  cases  strongly  affected 
by  the  five-minute  tendency.  But  there  are  also  many  of  them 
which  give  the  observed  minute.  All  these  reports  are  obviously 
liable  to  the  error  of  the  time-piece.  But  this  is  an  “accidental 
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error”  which,  if  the  number  of  observations  be  great-  enough,  can 
be  eliminated. 

While  the  work  of  collecting  general  dht-a  relating  to  the  earth¬ 
quake  was  in  progress  it  was  thought  best  to  place  the  time  reports 
in  other  hands,  in  order  to  expedite  the  discussion  and  hasten  the 
completion  of  the  monograph.  Prof.  Simon  Newcomb  was  there¬ 
fore  requested  to  discuss  the  time  data,  and  he  consented.  A  list  of 
such  observations  as  had  then  been  collected  was  made  and  sent  to 
him.  His  preliminary  examination  led  him  to  entertain  a  poor 
opinion  of  the  data  as  a  whole;  an  opinion  which  he  subsequently 
modified  greatly.  There  were  two  observations,  however,  which  he 
regarded  as  having  claims  to  accuracy  much  exceeding  any  others. 
One  of  these  was  his  own,  an  account  of  which  is  given  farther  on, 
and  the  other  was  the  automatic  record  made  by  the  magnetograph 
of  the  Canada  Meteorological  Service  at  Toronto.  In  addition  to 
this,  the  time  at  Charleston  was  known  with  considerable  precision, 
the  time  first  accepted  by  Professor  Newcomb  being  9.51,  which 
proved  to  be  within  six  seconds  of  the  time  finally  accepted  after  a 
most  careful  scrutiny.  Professor  Newcomb’s  own  observation  un¬ 
doubtedly  deserved  the  confidence  he  placed  in  it.  A  judgment  of 
the  value  of  the  Toronto  observation  can  be  formed  best  by  reading 
Professor  Newcomb’s  discussion  of  it,  which  is  given  in  an  appen¬ 
dix. 

Subsequently  he  made  a  more  careful  examination  of  the  other 
observations,  which  he  determined  to  subject  to  equations  of  condi¬ 
tion.  The  result  proved  to  be  better  than  he  had  hoped.  In  the 
meantime  further  investigation  had  brought  to  light  additional  time 
data  and  more  rigid  scrutiny  had  furnished  the  means  of  assigning 
better  weights  to  such  as  were  already  in  hand,  and  had  also  indicated 
clearly  that  some  should  be  rejected  which  had  been  accepted.  As 
this  examination  involved  more  labor  than  Professor  Newcomb  had 
time  to  devote  to  it,  I  resolved  to  take  up  the  subject  and  discuss  it 
thoroughly,  profiting  largely  by  the  work  which  he  had  already 
done,  and  following  so  far  as  practicable  the  methods  which  he  had 
selected,  but  making  a  much  more  rigorous  classification  of  the  data, 
and  endeavoring  to  eliminate  certain  systematic  errors  whose  exist¬ 
ence  in  Professor  Newcomb’s  result  seemed  to  be  manifest.  Four 
months  of  very  diligent  labor  were  spent  in  the  scrutiny  of  the 
data  and  in  subjecting  them  to  equations  of  condition.  I  will  now 
proceed  to  set  forth  in  their  regular  order  the  method  employed  of 
treating  the  data,  their  arrangement,  the  process  of  sifting  them, 
their  final  grouping  after  the  rejection  of  inadmissible  observations, 
and  their  results  when  subjected  to  equations  of  condition. 

By  far  the  most  important  time  to  be  determined  is  the  beginning 
of  the  powerful  shocks  at  Charleston.  An  error  here  of  a  very  few 
seconds  must  cause  a  considerable  uncertainty  in  the  result,  while  an 
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equal  error  in  any  other  locality  would  be  of  much  less  consequence. 
It  was  not  to  be  expected  that  any  good  personal  observation  of  the 
time  would  be  made  under  such  appalling  circumstances.  And  yet 
I  must  advert  to  the  uncorrected  observation  of  Mr.  F.  R.  Fisher, 
already  given  (p.  243).  Unfortunately  this  observation  is  not  avail¬ 
able  for  present  purposes.  The  principal  means  of  determining  the 
time  at  Charleston  consists  in  the  stopped  clocks.  If  it  were  the 
only  means  our  result  would  have  a  much  greater  uncertainty  than 
is  desirable ;  for  investigation  shows  that  a  delicate  clock  may  go 
through  a  violent  earthquake  without  stopping  at  all,  or  it  may  stop 
at  any  time  during  the  height  of  the  convulsion,  or  it  may  stop  at 
the  first  and  faintest  tremor.  The  regulator  in  a  jewelry  store,  No. 
251  King  street,  in  Charleston,  did  not  stop  at  all.  At  Rome,  Ga.,  a 
fine  clock,  well  regulated,  passed  through  the  great  shock,  but 
stopped  at  the  lighter  one,  which  came  about  five  minutes  later.  At 
Manistee,  Mich.,  855  miles  distant,  and  where  the  tremors  must  have 
been  exceedingly  feeble,  though  sensible,  the  pendulum  of  a  clock, 
after  beating  against  its  case  for  nearly  a  minute,  at  length  ceased 
to  vibrate.  Several  cases  are  reported  where  clocks  kept  in  motion 
through  the  greater  shocks,  but  stopped  at  the  milder  subsequent 
ones.  The  uncertainty  of  stopped  clocks  will  appear  more  fully 
when  we  come  to  treat  specially  of  that  part  of  the  subject.  In 
Charleston,  however,  the  earthquake  arrested  nearly  all  the  clocks 
in  the  city  as  soon  as  it  reached  a  high  degree  of  energy,  and  prob¬ 
ably  arrested  some  of  them  in  the  earliest  phases  and  before  that 
energy  had  risen  to  the  first  maximum. 

There  were  four  stopped  clocks  whose  errors  up  to  the  moment  of 
arrest  were  probably  only  a  very  few  seconds.  The  first  of  these 
was  the  regulator  of  James  Allan  &  Co.,  No.  285  King  street.  It  is 
regulated  by  means  of  a  sounder,  which  is  daily  put  into  circuit  with 
the  Western  Union’s  time-signal  wire.  The  clock  is  corrected  only 
when  its  cumulative  error  exceeds  nine  seconds;  but  its  error  on  the 
day  in  question  was  not  known  beyond  the  fact  that  it  did  not  exceed 
nine  seconds.  Mr.  Allan  is  authority  for  the  statement  that  its 
reading  the  next  morning  was  9h  51ra  exactly.  The  second  clock  was 
a  fine  large  regulator,  with  a  heavy  seconds  pendulum,  in  the  station 
of  the  Northeastern  Railway.  This  clock  also  was  regulated  by  the 
noon  signal,  received  by  telegraph  at  the  station.  It  had  not  been 
set  for  two  days,  as  its  error  on  August  31  was  less  than  eight  seconds, 
which  was  the  limit  of  tolerance.  It  stopped,  according  to  Mr.  Earle 
Sloan,  at  9h  51m  15s,  the  point  of  the  pendulum  having  been  caught 
behind  the  arc,  in  front  of  which  it  properly  oscillates.  The  third 
clock  was  the  regulator  of  the  Charleston  and  Savannah  Railway. 
It  was  compared  with  the  time  signal  on  August  31,  but  was  not  cor¬ 
rected,  as  it  would  have  been  if  its  error  had  exceeded  eight  seconds. 
Its  reading  was  ascertained  by  Mr.  Earle  Sloan  a  few  days  after  the 
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shock  to  have  been  9h  51m  16%  almost  exactly  the  same  as  the  pre¬ 
ceding  The  fourth  clock  was  that  of  the  South  Carolina  Railway. 
It  had  been  compared  that  day  with  the  time  signal,  and,  its  error 
greater  than  the  tolerance,  it  w  as  1  eset  to  the  second.  Its 
reading  is  given  by  Mr.  Sloan  at  9h  51m  48s. 

The  comparatively  wide  discrepancy  of  these  readings  looks  at  first 
somewhat  discouraging.  They  range  through  an  interval  of  forty- 
eight  seconds.  But  the  reading  of  the  last  clock— 9h  51m  48s— must 
be  inquired  into  a  little  further.  The  azimuths  of  the  planes  of  oscil¬ 
lation  of  their  pendulums  are  as  follows: 


James  Allan  &  Co. . . . . 

Northeastern  Railroad . 

Charleston  and  Savannah  Railway 
South  Carolina  Railway . 


N. 85°  E. 
N. 40°  E. 
N.  66°  E. 
N.  30°  W. 


Hence  the  planes  of  oscillation  of  the  first  three  made  very  wide 
angles  with  the  direction  of  the  normal  impulses,  which  came  first 
from  the  main  centrum,  situated  N.  30°  W.  of  Charleston;  while  the 
plane  of  oscillation  of  the  last  clock  coincided  with  it  as  nearly  as 
possible.  Hence  the  first  three  clocks  ought  presumably  to  have 
stopped  in  the  first  maximum,  or  near  it,  while  the  fourth  may  easily 
have  gone  on  until  affected  by  the  impulses  of  the  second  maximum, 
which  came  about  thirty  or  forty  seconds  later,  and  were  almost  at 
right  angles  with  the  earlier  ones.  The  facts  are  very  favorable  to 
the  presumption  that  the  last  clock  was  stopped  by  the  second  max¬ 
imum,  and  if  we  allow  thirty-five  seconds  for  the  interval  between 
the  two  maxima,  the  correction  would  place  it  in  close  agreement 
with  the  other  two  railroad  clocks.  This  still  leaves  a  difference  of 
fifteen  seconds  between  James  Allan  &  Co.’s  clock  and  the  other 
three.  It  may  be  explained  by  assuming  that  the  former  was  stopped 
by  the  earliest  tremors,  while  the  others  continued  their  beats  until 
the  more  forcible  shocks  at  length  stopped  them. 

In  addition  to  the  foregoing,  the  great  clock  in  St.  Michael’s  Church 
stopped  a  very  little  after  9h  51m.  As  “town  clocks”  do  not  have 
any  second  hands,  and  as  the  error  of  this  clock  could  not  be 
ascertained,  the  value  of  this  record  for  our  purposes  is  very  small. 
Three  clocks  in  the  office  of  the  Western  Union  Telegraph  Company 
were  also  reported  stopped  at  91'  51m.  They  have  no  second  hands, 
however,  and  their  records  are  of  no  further  value  than  to  confirm 
in  some  measure  the  general  tenor  of  the  evidence  that  the  nearest 
minute  ivas  9h  51™.  They  are  of  no  utility  in  fixing  the  seconds. 

Let  us  endeavor  now  to  put  these  records  of  the  four  clocks  into 
relation  with  what  has  already  been  inferred  from  wholly  independ¬ 
ent  considerations  concerning  the  duration  of  the  earthquake  and 
its  component  phases.  We  have  already  found  reason  for  believ¬ 
ing  that  the  whole  interval,  from  the  earliest  to  the  last  percep- 
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tible  tremors,  was  probably  from  sixty-five  to  seventy-five  seconds; 
that  the  beginning  consisted  of  light  tremors,  which  increased  in 
power  through  an  interval  of  ten  or  fifteen  seconds;  that  they  sud¬ 
denly  swelled  into  the  destructive  phases  of  two  maxima  with  an 
intervening  minimum,  of  which  the  whole  duration  was  from  forty- 
five  to  fifty-five  seconds;  and  that  the  concluding  phase  was  a  dimin¬ 
ishing  series  of  tremors  lasting  for  eight  or  ten  seconds.  The 
clock  of  the  South  Carolina  Railway,  which  stopped  at  9h  51m  48s,  is 
presumed  to  represent  within  a  very  few  seconds  of  the  beginning 
of  the  second  maximum.  Its  error  before  the  earthquake  began 
could  hardly  have  been  more  than  a  second  or  two,  but  it  may  have 
acquired  several  seconds  of  error  during  the  first  maximum  and 
minimum,  in  which  case  the  time  of  the  second  maximum  would  be 
correspondingly  later.  As  it  is  quite  impossible  to  assign  a  value 
to  any  such  suddenly  acquired  error,  there  is  apparently  no  alter¬ 
native  but  to  take  the  record  at  its  face  value.  The  other  two  rail¬ 
road  clocks,  which  stopped  at  9h  51m  15s,  are  presumed  to  represent 
the  time  of  the  first  maximum;  not  the  exact  beginning,  but  probably 
a  very  few  seconds  later.  The  manner  in  which  they  were  arrested 
(by  the  catching  of  the  points  of  the  pendulums  behind  the  arcs) 
seems  to  indicate  that  the  shocks  which  stopped  them  must  have  had 
considerable  amplitude  transversely  to  the  planes  of  oscillation,  and 
must  have  acted  upon  the  clocks  at  the  precise  moments  when  the 
pendulums  were  near  the  extremities  of  their  arcs  of  vibration. 
The  chances  are  that  the  pendulums  were  not  caught  in  that  par¬ 
ticular  way  during  the  first  three  or  four  oscillations,  but  went  stag¬ 
gering  along  for  a  few  beats  until  finally  caught.  The  errors  of  these 
clocks,  however,  may  have  been  two  or  three  seconds  greater  than 
that  of  the  South  Carolina  Railway  clock,  as  they  had  been  running 
two  days  longer  without  correction.  Furthermore,  an  interval  of 
three  or  four  seconds  was  probably  occupied  in  the  sudden  swelling 
of  the  tremors  from  the  preliminary  milder  phase  into  the  full  power 
of  the  first  maximum.  If  we  assume  for  the  beginning  of  the  first 
maximum  an  instant  of  time  about  three  or  four  seconds  earlier  than 
that  indicated  by  the  two  railroad  clocks,  i.  e.,  9h  51m  12s,  our  actual 
error  will,  I  believe,  not  exceed  five  seconds.  Finally,  the  clock  of 
James  Allan  &  Co.  probably  stopped  at  a  slightly  earlier  phase. 
Mr.  Allan  states  that  the  reading  of  the  clock  was  9h  51m  exactly,  but 
as  regards  its  error  he  could  only  say  that  it  did  not  exceed  nine 
seconds,  having  compared  his  clock  that  day  with  the  standard 
time  signal,  which  he  receives  through  a  sounder  telegraphically 
connected  with  the  Western  Union  time-circuit;  and  his  memory 
did  not  serve  him  as  to  how  long  it  had  been  running  without  cor¬ 
rection.  If  his  clock  may  be  assumed  to  have  been  six  or  eight 
seconds  slow,  making  the  true  time  of  its  arrest  six  or  eight  seconds 
after  9h  51m,  or  four  to  six  seconds  earlier  than  the  first  maximum, 
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its  stopping  would  have  been  easily  possible;  for  many  less  sensitive 
clocks  throughout  the  country  were  stopped  by  tremors  no  more 
forcible  than  those  in  Charleston  at  that  particular  phase. 

It  is  plainly  necessary  to  select  some  phase  of  the  earthquake  in 
Charleston  as  the  beginning,  with  which  the  beginnings  in  all  other 
places  are  to  be  compared.  It  must  also  be  a  phase  at  which  the 
shocks  had  great  power — sufficient  indeed  to  make  themselves  felt 
hundreds  of  miles  away.  This  phase  is  clearly  that  which  has  been 
called  the  beginning  of  the  first  maximum,  and  whose  time  has  been 
estimated  to  be  9h  51ra  12s.  The  probable  error  of  this  determina¬ 
tion  I  judge  to  be  very  small.  It  still  remains,  however,  to  find  from 
this  the  time  to  be  correspondingly  assigned  to  the  beginning  at  the 
centrum.  As  the  speed  of  propagation  is  now  known  to  be  some¬ 
what  in  excess  of  three  miles  per  second,  and  the  computed  distance 
from  Charleston  to  the  theoretic  centrum  is  very  nearly  twenty  miles, 
the  time  for  the  centrum  is  taken  six  seconds  earlier  than  Charleston, 
or  9h  51m  6s,  with  the  same  probable  error. 

This  conclusion  receives  general  support  from  many  considerations. 
There  is  no  doubt  or  question  that  9h  51ra  was  the  nearest  minute  to 
the  time  of  beginning.  The  weight  of  testimony  favoring  a  some¬ 
what  later  instant  is  very  strong  and  that  favoring  an  earlier  one  is 
very  weak.  The  time  adopted  consists  far  better  with  such  positive* 
evidence  as  stopped  clocks  can  furnish  than  an  earlier  or  later  mo¬ 
ment.  Finally,  it  agrees  better  than  any  other  with  the  great,  mass 
of  time  observations  coming  from  other  localities,  as  will  appear  in 
the  course  of  subsequent  discussion. 

Having  reached  a  conclusion  as  to  the  time  at  the  origin,  we  may 
now  proceed  to  examine  the  general  list  of  time  observations  from 
all  other  localities. 

The  following  is  a  general  catalogue  of  all  time  reports  received, 
excepting  such  as  were  so  widely  aberrant  or  so  unintelligible  as  to 
render  them  wholly  unworthy  of  even  a  moment’s  consideration.  No 
report  giving  a  time  between  the  extremes  of  the  list  has  been  know¬ 
ingly  excluded  from  it,  except  a  considerable  number  which  state 
the  time  as  being  “  about”  or  ‘‘near  10  o’clock.”  These  are  obviously 
too  indefinite  to  be  considered. 
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List  of  time  reports. 


Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles;. 

- 

Time 
(9“  +)• 

Reporter. 

o  / 

O  / 

m.  s. 

Absecom,  N.  J . 

39  20 

74  30 

553 

52  00 

Light-keeper. 

Adairsville,  Ga . 

34  23 

84  52 

295 

55  00 

H.  D.  Capers. 

Albany,  N.  Y.  (a) . 

42  40 

73  45 

770 

55  00 

W.  G.  Tucker. 

Do  (b) . 

42  40 

73  45 

770 

56  40 

J.  M.  Clark. 

Do . 

42  40 

73  45 

770 

61  00 

Associated  Press. 

Arlington,  Tenn . 

36  04 

86  54 

444 

50  00 

W.  C.  Morris. 

Asheville,  N.  C . 

35  36 

82  25 

231 

50  00 

Western  Union  Telegraph. 

Ashland,  Va . 

37  45 

77  27 

367 

52  00 

Richmond  State. 

Atlanta,  Ga . 

33  45 

84  23 

253 

50  00 

W.  E.  Smith,  Signal  Service  observer. 

Do  (c) . 

33  45 

84  23 

253 

52  00 

J.  C.  Heilman. 

Do  (c) . 

33  45 

84  23 

253 

52  00 

Do. 

Do  (c) . 

33  45 

84  23 

253 

52  30 

Do. 

Do  (c) . 

33  45 

84  23 

253 

53  00 

Do. 

Do . 

33  45 

84  23 

253 

55  00 

Atlanta  Constitution. 

Atlantic  City,  N.  J . 

39  23 

74  26 

552 

52  00 

Do  (c) . 

39  23 

74  26 

552 

54  00 

H.  W.  Hartley. 

Do . 

39  23 

74  26 

552 

55  00 

A.  J.  Mitchell,  Signal  Service  observer. 

Auburn,  Ala.  (d) . 

32  38 

85  28 

315 

60  00 

P.  H.  Mell. 

Augusta,  Ga.  (e) . 

33  28 

81  51 

111 

47  30 

Maj.  J.  W.  Reilly,  U.  S.  Army. 

Do  (/) . 

33  28 

81  51 

111 

51  00 

D  Fisher,  Signal  Service  observer. 

Do  (g) . 

33  28 

81  51 

111 

52  00 

Do. 

Do  . 

33  28 

81  51 

111 

52  00 

A.  G.  Schultz. 

Do  (c) . 

33  28 

81  51 

111 

52  00 

Earle  Sloan. 

Do . 

33  28 

81  51 

111 

55  00 

C.  de  St.  Roseana. 

Do  (c) . 

33  28 

81  51 

111 

55  18 

Earle  Sloan. 

Baldwin,  Fla . 

30  19 

81  58 

222 

50  00 

Times-Union,  Jacksonville,  Fla.  paper. 

Baltimore,  Md . 

39  20 

76  37 

487 

52  00 

P.  B.  Reese. 

Do . 

39  20 

76  37 

487 

53  00 

New  York  Tribune  “special.” 

Do . 

39  20 

76  37 

487 

53  20 

Richard  Randolph. 

Do . 

39  20 

76  37 

487 

55  00 

F.  O’Beirne. 

Beaver,  Ohio  (h) . 

39  00 

82  51 

444 

19  13 

J.  M.  Grether. 

Bellows  Falls,  Vt . 

43  08 

72  28 

832 

53  00 

H.  Wells.  (?) 

Belvidere,  N.  Y.  (j)  . 

40  50 

75  09 

622 

54  00 

G.  W.  Holstein. 

Blue  Mountain  Lake,  N.  Y. . 

43  49 

74  20 

830 

56  00 

Dr.  E.  Holden. 

Boston,  Mass . 

42  22 

71  05 

832 

53  00 

M.  Irving. 

Do . 

42  22 

71  05 

832 

58  00 

W.  A.  McLeod. 

Branchville,  S.  C.  (k) . 

45 

56  00 

Earle  Sloan. 

Brattleborough,  Vt . 

42  52 

72  34 

812 

60  00 

No  name  ( l >. 

Bristol,  Tenn . 

36  36 

82  11 

280 

50  00 

J.  R.  Boyle,  Western  Union  Telegraph 

operator. 

Brooklyn,  N.  Y . 

40  41 

73  56 

643 

54  00 

C.  H.  Moseley  (m). 

Do . 

40  41 

73  56 

643 

54  00 

F.  E.  H.  Haines  ( n ). 

Do  . 

40  41 

73  56 

643 

55  00 

W.  D.  Halsey. 

Do . 

40  41 

73  56 

643 

55  00 

Dr.  S.  S.  Guy. 

a  By  watch  compared  with  time  of  Dudley  Ob¬ 
servatory. 

b  New  York  State  Museum  of  Natural  History, 
c  Stopped  clock. 

d  Alabama  State  Weather  Bureau, 
e  Several  clocks  stoppe  i  at  Augusta  Arsenal. 
/Given  as  first  shock. 
g  Second  shock. 


h  Columbus  local  time  =  9.51.13  standard. 
i  Received  through  Prof.  W.  M.  Davis. 
j  Began  at  9.54,  ended  9.59,  by  watch  compared 
with  railroad  time. 

k  Stopped  clock,  probably  second  shock. 

I  Report  forwarded  by  Prof.  W.  M.  Davis. 
m  This  report  was  signed  by  three  others. 
n  States  that  the  motion  was  over  at  9.55. 
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Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statut< 

miles). 

Time 
(9h  +). 

Reporter. 

O  / 

O  / 

m.  s. 

Brooklyn,  N.  Y.  (a) . 

40  41 

73  56 

643 

55  00 

George  Rankins. 

Brookville,  Ind . 

39  26 

84  59 

526 

53  00 

Amos  Butler. 

Brownsville,  Tenn . 

35  36 

89  16 

553 

55  00 

W.  A.  Roberts.  (6) 

Brunswick,  Ga . 

31  12 

81  27 

155 

52  00 

Morning  News,  of  Savannah. 

Buckhannon,  W.  Va . 

38  57 

80  16 

419 

56  00 

R.  D.  Lang. 

Burlington,  N.  J . 

40  04 

74  51 

584 

50  00 

G.  A.  Appleton. 

Do . 

Cape  Canaveral,  Fla.  (d). . . 

40  04 

74  51 

584 

53  00 

58  00 

Dr.  N.  Roe  Bradner  (c). 

Cairo,  Ill . 

37  00 

89  11 

588 

53  00 

C.  L.  Bozzell,  Signal  Service  observer. 

Do  (e) . 

37  00 

89  11 

588 

53  00 

Daily  Telegram. 

Camden,  Ala.  (/) . 

31  59 

87  12 

425 

58  48 

Postmaster. 

Catlettsburgh,  Ky.  ( g ) . 

38  24 

82  37 

405 

20  00 

Louisville  Commercial. 

Do . 

38  24 

82  37 

405 

53  00 

L.  D.  Coughlan. 

Do  (h) . 

38  24 

82  37 

405 

53  00 

Western  Union  Telegraph. 

Carrollton,  Ala . 

33  15 

88  03 

462 

50  00 

M.  L.  Stansel. 

Do . 

33  15 

88  03 

462 

60  00 

D.  C.  Hodo. 

Carrollton,  Ga . 

33  36 

85  04 

290 

50  00 

Morning  News,  Savannah  paper. 

Centre,  Ala . 

34  09 

85  42 

331 

50  00 

Thomas  Bradford. 

Cedar  Keys,  Fla . 

29  09 

83  04 

323 

56  00 

W.  W.  Thomas,  Signal  Service  ob¬ 
server. 

Charleston,  S.  C .  (!) . 

32  50 

79  55 

51  12 

C.  E.  Dutton. 

Charleston,  W.  Va . 

39  18 

77  49 

‘  385 

55  00 

Associated  Press. 

Chatham,  Ya . 

36  50 

79  25 

272 

51  00 

C.  A.  Douglass,  telegraph  operator. 

Chattanooga,  Tenn . 

35  04 

85  16 

329 

50  00 

Times,  Chattanooga  paper. 

Do . 

35  04 

85  16 

329 

50  00 

H.  M.  Wettsee. 

Do . 

35  04 

85  16 

329 

53  00 

E.  A.  Beals,  Signal  Service  observer. 

Do . 

35  04 

85  16 

319 

55  00 

New  York  Times. 

Charlotte,  N.  C . 

35  13 

80  51 

165 

50  00 

Western  Union  Telegraph. 

Do . 

35  13 

80  51 

165 

54  00 

J.  A.  Barry,  Signal  Service  observer. 

Chauncey,  Ga . 

32  05 

83  00 

182 

55  00 

Morning  News,  Savannah  paper. 

Cheraw,  S.  0 . 

34  41 

79  54 

122 

50  00 

W.  L.  Godfrey,  Signal  Service  ob¬ 
server. 

Chicago,  Ill . 

41  52 

87  37 

748 

60  00 

Associated  Press  (j). 

Do . 

41  52 

87  37 

748 

61  00 

A.  Buell,  Signal  Service  observer. 

Cincinnati,  Ohio  (k) . 

39  09 

84  25 

491 

15'  00 

Associated  Press. 

Do . 

39  09 

84  25 

491 

16' 00 

Do. 

Do  (l) . 

39  09 

84  25 

491 

161  00 

Times-Star. 

Do  (m) . 

39  09 

84  25 

491 

161  00 

Do. 

Do . 

3)  09 

84  25 

491 

16'  00 

Enquirer. 

Do . 

39  09 

84  25 

491 

16' 00 

C.  Hellmuth. 

Do . 

39  09 

84  25 

491 

16' 00 

A.  D.  Rollins. 

Do  ( n ) . 

39  09 

84  25 

491 

16  40 

a  Clock  running  accurately  to  standard  time 
stopped. 

b  Through  the  Signal  Service. 
c  States  this  time  will  not  differ  many  seconds 
from  standard  time. 

d  Light-house  clock  stopped,  its  reading  com¬ 
pared  with  railroad  time. 
e  Clock  in  City  National  Bank  stopped. 
f  Stopped  clock  given  as  9.10  local  time. 
g  Columbus  local  time  =  9.52  standard. 
h  Clock  stopped. 


i  Accepted  time.  For  discussion  (see  page  358 
et  seq, 

j  Giving  as  authority  the  Signal  Service  observer, 
fc  Cincinnati  local  time.  The  correction  to  the  75th 
meridian  is  37m  41s,  making  9h  52m  41s.  ' 
l  Time  noted  by  clock  in  the  office. 
m  Time  given  by  the  outside  reporters. 
n  Large  clock  in  fire-tower  stopped  at  9h  16ra  17s. 
Its  error  was  known  exactly,  viz:  23  seconds 
slow,  making  9h  16m  40s  local  =  9h  54m  21s  stand¬ 
ard.  Fully  reported  in  Cincinnati  papers. 
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7 

Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles). 

Time 
(9h  -f ). 

Reporter. 

O  / 

o  / 

m.  s. 

Cincinnati,  Ohio  (a) . 

39  09 

84  25 

491 

17  45 

Commercial  Gazette. 

Do  (b) . 

39  09 

84  25 

491 

54  00 

Associated  Press. 

Clanton,  Ala . 

32  53 

86  38 

380 

55  00 

S.  A.  Blaisingame. 

Cleveland,  Ohio . 

41  30 

81  42 

604 

54  00 

William  Line,  Signal  Service  ob¬ 
server. 

Do . 

41  30 

81  42 

604 

54  00 

G.  H.  Tower,  light-house  keeper. 

Climax,  Ga . 

Collinwood,  Ohio . 

30  54 

84  28 

295 

50  00 

51  00 

Morning  News,  of  Savannah. 

P.  L.  Cobb. 

Cochran,  Ga.  (e) . 

32  21 

83  19 

192 

52  00 

Q.  L.  Harvard. 

Columbia,  S.  C.  (d) . 

34  00 

81  06 

89 

51  00 

R.  W.  Shand. 

Do . 

34  00 

81  06 

89 

52  00 

Earle  Sloan. 

Do  (d) . 

34  00 

81  06 

89 

51  00 

Do. 

Columbus,  Ga . 

32  27 

84  54 

287 

48  00 

Augusta  Chronicle. 

Do . 

32  27 

84  54 

287 

50  00 

United  Press. 

Do . 

32  27 

84  54 

287 

56  00 

Enquirer-Sun. 

Columbus.  Miss.  ( d i . 

33  27 

88  23 

481 

56  00 

Dayton  Hale. 

Columbus,  Ohio  (e) . 

39  58 

83  00 

513 

21'  00 

H.  R.  Giel,  station  master  of  Union 
Depot. 

Do . 

39  58 

83  00 

513 

52  00 

A.  L.  McRae,  Signal  Service  observer. 

Do . 

39  58 

83  00 

513 

22' 00 

Associated  Press. 

Do . 

39  58 

83  00 

513 

54  00 

Central  Insane  Asylum. 

Do . 

39  58 

83  00 

513 

54  00 

Institute  for  the  Blind. 

Corinth,  Miss . 

34  55 

88  27 

500 

55  00 

T.  E.  Henry. 

Covington,  Ky.  (/) . 

39  04 

84  31 

488 

16' 00 

J.  Brookshav. 

Do  (fir) . 

39  04 

84  31 

488 

17  20 

I.  J.  Evans. 

Covington.  Tenn . 

35  36 

89  36 

570 

55  00 

D.  T.  Flannery,  Signal  Service  ob¬ 
server. 

Connersville,  Ind . 

39  33 

85  05 

543 

52  00 

Robert  Hessler. 

Crawfordsville,  Ind . 

40  03 

86  53 

621 

54  00 

E.  C.  Simpson. 

Dale  Enterprise,  Va . 

Darien,  Ga.  (h) . 

38  30 

78  42 

400 

55  00 

28  00 

L.  J.  Hea-thwole. 

Times-Union. 

Davenport,  Iowa . 

41  30 

90  38 

827 

55  00 

A.  S.  Tiffany. 

Dayton,  Ky.  (i) . 

39  04 

84  29 

488 

16  30 

F.  J.  Sutton. 

Dayton.  Tenn . 

35  28 

84  51 

330 

50  00 

W.  H.  C.  Brown. 

Daytona,  Fla.  (j) . 

29  10 

81  05 

277 

25' 00 

Halifax  Journal,  of  Daytona. 

Decatur,  Ala . 

34  36 

86  55 

412 

53  00 

A.  C.  Frey,  Signal  Service  observer. 

De  Land,  Fla . 

29  03 

81  20 

291 

50  00 

Times-Union,  of  Jacksonville. 

Delaware  Breakwater,  Del . 

33  49 

75  07 

500 

55  00 

Associated  Press. 

Detroit,  Mich . 

42  20 

83  03 

675 

55  00 

J.  T.  Whiting. 

Do . 

42  20 

83  03 

675 

55  00 

Free  Press,  of  Detroit. 

Do . 

42  20 

83  03 

675 

55  00 

Abend-Post,  of  Detroit. 

Do . 

42  20 

1 

83  03 

675 

55  00 

i 

L.  H.  Trowbridge. 

a  Noted  in  newspaper  office  after  first  shock 
=9h  55ra  26s  standard. 

b  The  Cincinnati  and  many  other  papers  state 
that  several  clocks  in  the  office  of  the  West¬ 
ern  Union  Telegraph  Company  stopped  at 
9h  54m.  The  telegraph  company  at  Cincinnati 
furnish  standard  time,  while  the  telephone 
company  and  Duhme  &  Co.  furnish  very  ac¬ 
curate  local  time  obtained  from  the  Cincin¬ 
nati  Observatory. 


cTwo  clocks,  “  well  regulated,”  stopped. 
d  Stopped  clock. 

e  Columbus  local  time ;  correction  to  75th  merid¬ 
ian— 32m  exactly—  making  9h  53m  standard. 

/  Cincinnati  local=9h  53m  41s  standard. 
g  Jeweler’s  regulator  stopped=9h  55m  1»  standard. 
h  Savannah  local=9>>  53m  standard. 
i  Cincinnati  local=9h  54m  11s  standard. 
j  If  this  is  Savannah  local,  it  is  9>‘  50m  standard;  it 
is  a  doubtful  observation. 
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Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles). 

Time 

(9»  +). 

Reporter. 

o  / 

O  / 

m.  s. 

Detroit,  Mich . 

42  20 

83  03 

675 

56  00 

J.  M.  Power. 

Do . 

42  20 

83  03 

675 

58  00 

H.  M.  Baldwin,  Signal  Service  ob- 

server. 

Dighton,  Mass . 

41  49 

71  08 

812 

56  00 

E.  Jaeger. 

Dyersburg.  Term  . . 

36  03 

89  24 

569 

54  00 

Louis  Hughes. 

Dubuque,  Iowa  (a) . 

42  29 

90  40 

878 

57  00 

Dr.  Asa  Horr. 

Do . 

42  29 

90  40 

878 

58  00 

Dubuque  Herald. 

Do . 

42  29 

90  40 

878 

62  00 

S.  E.  Emery. 

East  Saginaw,  Mich . 

43  27 

83  57 

766 

58  00 

Free  Press,  of  Detroit. 

Ellaville.  Fla . 

30  24 

83  13 

259 

55  00 

Times-Union,  of  Jacksonville. 

Evansville,  Ind . 

38  01 

87  33 

545 

54  00 

F.  W.  Norton. 

Fernandina,  Fla.  ( b ) . 

30  41 

81  26 

225 

281  no 

1  Fonda,  N.  Y . 

42  58 

74  20 

775 

55  00 

F.  L.  Yates. 

Fortress  Monroe,  Va . 

37  00 

76  16 

356 

55  00 

J.  B.  Jones. 

Frankfort,  Ind . 

40  18 

86  31 

621 

55  00 

W.  S.  Sims. 

Gowanda,  N.  Y . 

42  28 

78  57 

666 

55  00 

W.  R.  Smallwood. 

Grand  Haven,  Mich . 

4K  00 

J.  E.  Muller. 

Grand  Junction,  Tenu . 

35  04 

89  10 

538 

55  00 

J.  B.  Irwin. 

Greenfield,  Mass . 

42  36 

72  36 

799 

55  00 

G.  R.  Knapp. 

Greensborough,  Ala . 

32  43 

87  36 

435 

60  00 

Daily  Dispatch,  of  Montgomery,  Ala, 

Hackensack,  N.  J . 

40  53 

74  03 

654 

54  00 

J.  H.  Andrews. 

Hamilton,  Ohio  (c) . 

39  27 

84  33 

513 

16  30 

W.  Schlosser. 

Hartford,  Conn . 

41  31 

72  21 

747 

54  00 

A.  H.  Eddy. 

Do . 

41  31 

72  21 

747 

55  30 

E.  M.  White. 

Hatteras,  N.  C . 

35  11 

75  43 

309 

60  00 

A.  S.  White. 

Havre  de  Grace,  Md.  (d) ... 

39  33 

76  07 

515 

55  00 

W .  P.  Sauerhoff ,  U.  S.  Fish  Commis- 

sion. 

Helena,  Ark . 

34  33 

90  32 

609 

55  00 

J.  B.  Mills. 

Hudson,  N.  Y . 

42  14 

73  44 

747 

57  00 

Associated  Press. 

Indianapolis,  Ind . 

39  46 

86  10 

581 

52  00 

Do. 

Do . 

39  46 

86  10 

581 

55  00 

Do. 

Do . 

39  40 

86  10 

581 

55  00 

Journal,  of  Indianapolis. 

Do  . 

39  46 

86  10 

581 

55  00 

C.  F.  R.  Wappenhaus,  Signal  Service 

observer . 

Do  (e) . 

39  46 

86  10 

581 

55  00 

Journal. 

Iowa  City,  Iowa . 

41  39 

91  32 

870 

Prof.  F.  E.  Nipher  (/). 

Ironton,  Ohio  ( g ) . 

38  37 

82  42 

414 

23' 00 

Times-Star,  of  Cincinnati. 

Ithaca,  N.  Y.  (h) . 

42  24 

76  36 

696 

55  00 

New  York  Tribune. 

Jacksonville,  Fla.  ( i ) . 

30  20 

81  39 

211 

27' 00 

Associated  Press. 

Do  (j) . 

30  20 

81  39 

211 

52  00 

United  Press. 

Do . 

30  20 

81  39 

211 

52  00 

Times-Union,  of  Jacksonville. 

Do . 

30  20 

81  39 

211 

52  00 

J.  W.  Smith,  Signal  Service  observer. 

Do . 

30  20 

81  39 

211 

56  00 

J.  Hensien. 

Jamaica  Plain,  Mass . 

42  19 

71  07 

823 

57  00 

E.  H.  Richards. 

Jamestown,  N.  Y . 

42  06 

79  14 

642 

56  00 

New  York  World. 

a  Estimated  by  repeating  and  timing  certain 
movements. 

b  Equals  9h  53m  standard, 
c  Cincinnati  local  =  9h  54m  11s  standard. 
d  Clock  regulated  carefully  to  railroad  time 
stopped. 

e  Great  clock  in  tower  of  city  court-house  stopped. 


/Reports  a  few  minutes,  not  exceeding  5,  before 
9  p.  m.  central  time. 

g  This  is  Columbus  local  time  =  9h  55m  standard. 

7i Clock  in  railroad  station  “stopped  al  9h  55m  ex¬ 
actly.’’ 

i  Savannah  local  time  =  9h  52m  standard. 
j  Stopped  clock. 
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Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles). 

Time 
(9h  +). 

Reporter. 

O  / 

O  / 

m.  s. 

Jasper,  Ind . 

38  26 

86  57 

540 

55  00 

A.  M.  Sweeney. 

Keokuk,  Iowa . 

40  23 

91  26 

810 

56  00 

S.  R.  Palfrey. 

Do . 

40  23 

91  26 

810 

56  00 

Garden  City  Weekly. 

Kitty  Hawk,  N.  C . 

36  06 

75  48 

335 

60  00 

P.  W.  Fitzmaurice. 

Knoxville,  Tenn . 

33  56 

83  58 

302 

54  00 

New  York  Times  special. 

Do . 

35  56 

83  58 

302 

55  00 

W.  O.  Bailey,  Signal  Service  observer. 

Lake  Annie,  Fla . 

27  12 

81  19 

416 

50  00 

Times-Union. 

Lake  Placid,  N.  Y . 

44  18 

73  55 

827 

55  00 

Prof.  B.  W.  Frazer. 

Lancaster,  Ohio  (a) . 

39  46 

82  40 

491 

221 00 

Commercial  Gazette,  of  Cincinnati; 
also  the  Enquirer  special. 

Lancaster,  S.  C .(b) . 

34  42 

80  47 

126 

102 

55  00 

J.  TI.  Foster. 

Earle  Sloan. 

Laurinburgh,  N.  C . 

34  48 

79  25 

135 

51  00 

A.  Tischbein. 

Lexington,  Ky.  (c) . 

38  02 

84  33 

432 

15>  00 

Associated  Press. 

Lincolnton,  N.  C . 

35  29 

81  12 

187 

55  00 

E.  R.  Standeineyer. 

Lockland,  Ohio  (d) . 

39  16 

84  30 

505 

15‘  00 

Lockland  newspaper. 

Do  (d) . 

39  16 

84  30 

505 

16>  00 

Do. 

Do  (d) . 

39  16 

84  30 

505 

17' 00 

Do. 

Do  (d) . 

39  16 

84  30 

505 

ID1 00 

Do. 

j  London,  Ont . 

42  59 

81  15 

706 

55  00 

New  York  Tribune. 

Louisville,  Ky.  (e) . 

38  15 

85  45 

485 

ll'OO 

Commercial,  of  Louisville. 

Do . 

38  15 

85  45 

485 

55  00 

Post,  of  Louisville. 

Do . 

38  15 

85  45 

485 

55  17 

Prof.  R.  B.  Thurston,  of  Kentucky 
State  Geological  Survey. 

Lynchburgh,  Va . 

37  25 

79  09 

316 

50  00 

Dispatch,  of  Richmond,  Va. 

Do . 

37  25 

79  09 

316 

55  00 

T.  S.  Schley. 

Macon,  Ga.  (/) . 

32  49 

83  33 

203 

51  30 

R.  T.  Hoge. 

Do  (g) . 

32  49 

83  33 

203 

52  00 

Do. 

Madison,  Ind.  (A) . 

38  46 

85  24 

500 

15*  00 

J.  H.  Woolf ord. 

Mannington,  Ky.  (h) . 

39  04 

84  30 

488 

15' 00 

J.  H.  Allen. 

Manistee,  Mich.  (6) . 

44  18 

86  17 

855 

57  00 

J.  H.  Roberts. 

1  Meadville,  Pa.  (ft) . 

41  39 

80  12 

608 

55  00 

W.  E.  Cruickshanks. 

Media,  Pa . 

39  55 

75  24 

557 

60  00 

Times,  of  Philadelphia. 

Memphis,  Tenn,  (i) . 

35  09 

90  03 

587 

54  00 

D.  T.  Flannery. 

Do . 

35  09 

90  03 

587 

55  00 

Do  (j ). 

Do(fc) . 

35  09 

90  03 

587 

55  00 

Do. 

Do  U) . 

35  09 

90  03 

587 

55  00 

Do. 

Do . 

35  09 

90  03 

587 

55  00 

Do. 

Do . 

35  09 

90  03 

581 

55  00 

Do. 

Do  (m) . 

35  09 

90  03 

587 

57  00 

Do. 

Do  (n) . 

90  03 

587 

59  00 

Do. 

a  Columbus  local— 9h  54,n  standard. 
b  Clock  stopped. 

c  Cincinnati  local=9h  52m  41"  standard. 
d  These  are  all  stopped  clocks;  the  time  is  Cincin¬ 
nati  local ;  correction  to  75th  meridian -)-37m  41 s . 
e  Correction  to  75th  meridian -f-43m. 

/Large  clock  in  Union  Railroad  station  stopped 
either  at  9h  51m  20s  or  9h  51m  40" ;  is  uncertain 
which. 

g  Observation  by  watch  regulated  by  the  above 
clock. 


h  Cincinnati  local =9h  52m  41s  standard, 
i  Clock  in  city  surveyor’s  office  stopped. 
j  Signal  Service  observei';  clock  in  his  own  office 
stopped. 

k  Baltimore  and  Ohio  Telegraph  office  clock 
stopped. 

I  This  and  the  two  following  clocks  stopped:  re¬ 
ported  to  Sergt.  D.  T.  Flannery  by  Byrd  &  Co., 
who  provide  accurate  time  for  the  city, 
m  Clock  of  Babb  &  Co.  stopped. 
n  Clock  in  United  States  Marine  Hospital  stopped. 
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List  of  time  reports — Continued. 


Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles). 

Time 

(9h  +)• 

Reporter. 

O  / 

O  / 

m.  s. 

Meridian,  Miss,  (a) . 

32  20 

88  40 

500 

54  00 

G.  Helmick. 

Milan,  Term . 

35  56 

88  58 

530 

57  00 

O.  F.  Cantwell. 

Mobile,  Ala . 

30  41 

88  02 

493 

50  00 

United  Press. 

Montgomery,  Ala . 

32  23 

.  86  18 

363 

55  00 

Dispatch,  of  Montgomery,  Ala. 

Morristown,  N.  J . 

40  48 

74  27 

637 

55  00 

T.  J.  Beans. 

Mount  Vernon,  Ohio  (6). . . . 

40  27 

82  33 

536 

241  00 

Enquirer,  of  Cincinnati. 

Nashville,  Tenn.  (c) . . . . 

36  09 

86  52 

438 

53  30 

J.  D.  Leonard. 

Do  (d) . 

36  09 

86  52 

438 

54  12 

Do. 

Do . 

36  09 

86  52 

438 

54  30 

L.  IV.  Jesunofsky. 

Newark,  N.  J . 

40  44 

74  20 

640 

53  00 

W.  Hanlon. 

Do  (e) . 

40  44 

74  20 

640 

55  00 

E.  R.  Ball. 

New  Castle,  Del.  (d) . 

39  39 

75  35 

538 

54  00 

A.  S.  Denny. 

New  Castle,  Pa.  (d) . 

41  01 

80  24 

565 

55  00 

J.  M.  Butz. 

New  Castle,  Ind . 

39  58 

85  23 

566 

55  00 

W.  M.  Pence. 

New  Haven,  Conn . 

41  19 

72  25 

711 

55  30 

J.  H.  Sherman,  Signal  Service  ob¬ 
server. 

Do . 

41  19 

72  25 

711 

55  30 

Associated  Press. 

New  Philadelphia,  Ohio  . . . 

40  31 

81  29 

532 

54  00 

Enquirer,  of  Cincinnati. 

Newport,  Ky.  (/) . 

39  04 

84  30 

488 

15  40 

J.  Brookshaw. 

New  York,  N.  Y . 

40  45 

73  58 

645 

53  00 

A.  J.  Campbell. 

Do . 

40  45 

73  58 

645 

53  00 

W.  F.  Robinson,  Signal  Service  ob¬ 
server. 

Do . 

40  45 

73  58 

645 

53  00 

H.  J.  Penrod. 

Do . 

40  45 

73  58 

645 

54  00 

Police  headquarters. 

Do . 

40  45 

73  58 

645 

54  00 

A.  Parkman. 

Do . 

40  45 

73  58 

645 

54  30 

M.  C.  Whitney. 

Do . 

40  45 

73  58 

645 

54  30 

Western  Union  Telegraph  operator(p). 

Do . 

40  45 

73  58 

645 

55  00 

Carl  Richter. 

Do . 

40  45 

73  58 

645 

55  00 

S.  H.  Hurd. 

Do . 

40  45 

73  58 

645 

55  00 

Light-house,  Governor’s  Island,  New 
York  Harbor. 

Do . 

40  45 

73  58 

645 

55  00 

New  York  Herald  (h). 

Do . 

40  45 

73  58 

645 

55  00 

F.  C.  Roe. 

Do  (i) . 

40  45 

73  58 

645 

55  00 

W.  D.  Halsey. 

Do  (j) . 

40  45 

73  58 

645 

55  30 

New  York  Tribune. 

Do . 

40  45 

73  58 

645 

Norfolk,  Va . 

36  51 

76  17 

349 

54  00 

J.  P.  Sherry,  Signal  Service  observer. 

North  Manchester,  Ind .... 
Oakland,  Ill . 

41  00 

85  46 

640 

50  00 

50  00 

A.  Miller. 

W.  J.  Peak. 

Oakland,  Md . 

39  25  1 

79  25 

455 

55  00 

P.  Hamill. 

Olustee,  Fla.  (fc) . 

30  11  ! 

82  30 

255 

2S1  00 

Times-Union. 

Orange,  N.  J . 

40  46 

74  14 

642 

55  00 

P.  E.  Bogert. 

Orangeburgli,  S.  C . 

33  31 

80  51 

58 

48  00 

R.  Means  Davis. 

Opelika,  Ala . 

32  38 

85  23 

307 

55  00 

G.  E.  Webber. 

Oswichee,  Ala . 

32  10 

85  00 

1 

60  00 

W  C.  Whitaker. 

a  Clock  “  kept  by  standard  time  ”  stopped. 
b  The  time  is  Columbus  local=9h  56m  standard, 
c  Beginning  of  shocks. 
d  Clock  stopped . 

e Clock  “carefully  regulated  to  standard  time" 
stopped. 

/Cincinnati  local=9h  53m  21*  standard. 


g  “  Had  just  sent  a  dispatch  marked  9h  54m.  ” 
h  Noted  in  the  office  of  that  paper. 
i  Stopped  clock  Postal  Telegraph  Company. 
/Stopped  clock  in  large  building  117  Duane  street 
and  34  Thomas  street. 
k  Savannah  local =9h  53m  standard. 
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List  of  time  reports — Continued. 


Locality. 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles). 

Time 
(9h  +). 

Reporter. 

O  / 

O  / 

ra.  s. 

Oxford,  Miss . 

34  22 

89  32 

548 

56  00 

R.  B.  Fulton. 

Oxford,  Md . 

38  40 

76  12 

460 

50  00 

R.  E.  Nelson. 

Paducah,  Ky . 

37  05 

88  36 

558 

52  15 

J.  R.  Cobourn,  Western  Union  Tele- 

graph. 

Palatka,  Fla.  (ci) . 

281  00 

Times-Union. 

Paris,  Tenn . 

30  18 

88  21 

520 

56  00 

E.  P.  Wood. 

Parkersburgh,  W.  Va . 

39  15 

81  37 

448 

55  00 

W.  H.  Walker. 

Pensacola,  Fla . 

30  25 

87  13 

457 

60  00 

W.  L.  Wedemeyer,  Signal  Service 

observer. 

Peoria,  Ill . 

710 

A.  G.  Palmer,  engineer  of  Peoria 

and  Decatur  Railroad. 

Philadelphia,  Pa . 

39  57 

75  09 

566 

50  00 

L.  W.  Dey,  Signal  Service  observer. 

Do . 

39  57 

75  09 

566 

52  00 

United  Press. 

Do . 

39  57 

75  09 

506 

53  00 

Associated  Press. 

Pikesville,  Md . 

39  22 

76  43 

490 

53  30 

C.  R.  Goodwin. 

Plainfield,  N.  J . 

40  14 

74  25 

625 

55  00 

G.  H.  Frost, 

Pittsburgh,  Pa . 

40  32 

80  00 

525 

54  00 

Despatch,  of  Pittsburgh. 

Do  (b) . 

40  32 

80  00 

525 

55  00 

Despatch. 

Do . 

40  32 

80  00 

525 

55  00 

O.  D.  Stewart,  Signal  Service  ob- 

server. 

Port  Huron,  Mich . 

42  58 

82  29 

674 

55  00 

W.  M.  Edmondson. 

Portsmouth,  Ohio  ',c) . 

38  49 

83  03 

433 

24' 00 

Signal  Service  observer. 

Prairie  du  Chien,  Wis.  ( d ) . . 

43  03 

91  11 

924 

56  00 

J.  G.  Hagan,  S.  J. 

Pungoteague,  Va . 

37  38 

75  49 

410 

53  00 

T.  H.  Ireland. 

Raleigh,  N.  C . 

35  46 

78  39 

213 

50  00 

C.  L.  McArthur. 

Richmond,  Va . 

37  32 

77  22 

354 

55  00 

J.  B.  Tree. 

Rome,  Ga.  (e) . 

34  15 

85  03 

302 

59  00 

W.  II.  Adkins,  Western  Union  Tele- 

graph  operator. 

Rutherfordton,  N.  C . 

35  24 

81  50 

200 

50  00 

A.  L.  Grayson. 

Sanford,  Fla . 

28  48 

81  23 

305 

50  00 

H.  Pennywitt,  Signal  Service  ob- 

server. 

Do . 

28  48 

81  23 

305 

56  00 

C.  F.  Sweeney. 

Saratoga,  N.  Y . 

43  04 

73  45 

797 

53  00 

H.  J.  Horn. 

Savannah,  Ga . 

32  05 

81  08 

89 

51  40 

A.  F.  Flint. 

Do (/) . 

32  05 

81  08 

89 

51  51 

Morning  News. 

Do . 

32  05 

81  08 

89 

52  00 

R.  Graham,  Signal  Service  observer. 

Do . 

32  05 

81  08 

89 

52  00 

Morning  News. 

Selin’s  Grove,  Pa . 

40  48 

76  53 

585 

55  00 

J.  G.  L.  Shindell. 

Selma,  Ala . 

60  00 

Daily  Despatch,  of  Montgomery,  Ala. 

Sewickley,  Pa.  (g) . 

40  34 

80  13 

535 

34'  00 

S.  H.  Murray. 

Shelby  Iron  Works,  Ala  . . . 

33  08 

86  31 

377 

54  00 

A.  A.  Wright. 

Smithville,  N.  C . 

33  55 

78  01 

137 

50  00 

F.  P.  Chaffee,  Signal  Service  observer. 

Do . 

33  55 

78  01 

137 

54  00 

E.  S.  Martin. 

Somerset,  Ky . 

37  06 

84  42 

386 

59  00 

S.  Whinery. 

Spencer,  Ind . 

39  18 

86  47 

577 

55  00 

Journal,  of  Indianapolis. 

Statesburgh,  S.C  . 

33  59 

80  33 

80 

51  30 

W.  W.  Anderson. 

Stockbridge,  Mass . 

42  18 

73  21 

765 

56  00 

J.  O.  Jacob. 

Stuy vesant,  N.  Y . 

42  22 

73  43 

760 

57  00 

F.  Peters. 

a  9h  53m  standard. 

b  Clock  stopped  in  Western  Union  Telegraph 
office. 

c  Columbus  local  tim.e=9l1  5Gm  standard. 


d  Estimated. 
e  Stopped  clock. 

/Large  clock  in  Union  Depot  stopped. 
g  Pittsburgh  local  time=9h  54m  standard. 
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List  of  time  reports — Continued. 


Locality 

Lati¬ 

tude. 

Longi¬ 

tude. 

Dis¬ 

tance 

(statute 

miles). 

Time 
(9h  +). 

Reporter 

O  / 

O  / 

m.  s. 

Sullivan  Ill  . 

50  CO 

B.  F.  Peadro. 

Terre  Haute,  Ind . 

39  29 

87  25 

606 

55  00 

M.  Straus. 

Thomasville,  Ga . 

30  47 

84  01 

273 

52  20 

Morning  News,  of  Savannah. 

Titusville,  Pa . 

41  33 

79  42 

608 

56  00 

Associated  Press. 

Toledo,  Ohio . 

41  39 

83  34 

637 

55  00 

G.  E.  Pomeroy. 

Toronto,  Ontario  (a  > . 

43  39 

79  22 

753 

C.  Carpmael. 

Tracy  City,  Tenn . 

35  17 

85  50 

360 

50  00 

W.  T.  Thomas. 

Tuscaloosa,  Ala . 

33  13 

87  32 

432 

55  00 

United  Press. 

Union  Springs,  Ala . 

60  00 

J.  L.  Moultrie. 

Uniontowu,  Pa  . 

30  55 

79  44 

487 

55  00 

F.  C.  Robinson. 

University,  Ala . 

52  00 

P.  H.  Mell. 

Valley  Head,  Ala . 

60  00 

E.  P.  Nicholson. 

Valparaiso,  Ind . 

41  23 

87  03 

705 

53  00 

Frank  Grenaw. 

Warsaw,  N.  Y . 

42  45 

78  10 

700 

55  00 

H.  K.  Faunce. 

Warwick,  N.  Y . 

41  1G 

74  19 

661 

56  00 

G.  W.  Tinlaw. 

Washington,  D.  C . 

38  53 

77  01 

452 

53  00 

Commander  T.  S.  Looker,  U.  S,  Navy. 

Do . 

38  53 

77  01 

452 

53  20 

Prof.  S.  Newcomb. 

Do . 

38  53 

77  01 

452 

53  23 

Alex.  McAdie,  United  States  Signal 

Service. 

Do . 

38  53 

77  01 

452 

53  15 

W.  C.  Winlock,  assistant,  United 

States  Naval  Observatory. 

Do . 

38  53 

77  01 

452 

54  00 

General  M.  C.  Meigs,  U.  S.  Army. 

Do . 

38  53 

77  01 

452 

54  30 

W  J  McGee,  U.  S.  Geological  Survey. 

Waskingtonville,  N.  Y . 

41  2G 

74  09 

680 

55  00 

New  York  Times. 

Waycross,  Ga . 

31  13 

82  13 

183 

55  00 

Morning  News,  of  Savannah. 

Weldon,  N.  C . 

36  27 

77  38 

281 

50  00 

F.  A.  Clark. 

Wellsville,  Ohio . 

40  38 

80  42 

538 

55  00 

G.  W.  Gillespie. 

Woodbury,  N.  J . 

39  39 

75  10 

557 

57  00 

Edward  Brown. 

Woodstock,  Md . 

39  22 

76  56 

502 

55  00 

Signal  Service  observer. 

Wooster,  Ohio  (b) . 

40  48 

81  59 

558 

55  45 

W.  Bennet. 

Wyoming,  Ohio  (c) . 

10'00 

T.  H.  Diel. 

Wytheville,  Va(<2) . 

36  57 

81  10 

284 

52  37 

Howard  Shriver. 

Zell  wood,  Fla.  (d) . 

28  45 

81  38 

306 

28100 

Morning  News. 

Do . 

28  45 

81  38 

306 

55  00 

R.  G.  Robinson. 

a  A  magnetographic  record.  I  c  Cincinnati  local =9h  53m  41"  standard. 

b  Stopped  clock.  |  d  Savannah  local=9h  53m  standard. 


In  tlie  foregoing  catalogue  the  latitudes  and  longitudes  have  been 
taken  from  Rand  &  McNally’s  Atlas.  The  distances  are  from  the 
centrum,  lGw  miles  N.  30°  W.  of  Charleston,  and  have  been  measured 
upon  the  Land  Office  map  of  the  United  States.  The  scale  of  the 
map  is  40  statute  miles  to  the  inch.  Individual  errors  in  the  distances 
may  be  as  great  as  three  miles.  Some  of  th.6  times  given  are  local. 
Wherever  these  occur  pains  have  been  taken  to  ascertain  what  cor- 
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rections  are  necessary  to  reduce  them  to  the  75th  meridian.  They 


are  as  follows : 

m .  s. 

Pittsburgh .  20  00 

Columbus,  0 .  32  00 

Cincinnati . 37  41 

Louisville,  Ky .  43  00 

Georgia  and  Florida .  25  00 


With  the  exception  of  Cincinnati,  the  above  localities  use  an  inte¬ 
gral  number  of  minutes  for  the  difference  between  local  and  standard 
time,  and  in  Pittsburgh,  Columbus,  and  Louisville  the  true  correc¬ 
tions  are  almost  exact  minutes. 

In  order  that  it  may  be  seen  at  a  glance  how  these  observations 
tend  to  group  themselves,  the  following  summary  is  given : 

RECAPITULATION. 


Reports  giving  9h  47m  and  seconds .  1 

9  48  .  3 

9  50  .  32 

9  51  .  G 

9  51  and  seconds .  6 

9  52  . ’. .  25 

9  52  and  seconds . 9 

„  9  53  . ". .  28 

9  53  and  seconds . • .  16 

9  54  .  31 

9  54  and  seconds .  9 

9  55  .  86 

9  55  and  seconds .  8 

9  56  .  21 

9  56  and  seconds .  2 

9  57  .  8 

9  58  . 5 

9  58  and  seconds .  1 

9  59  .  3 

10  00  .  13 

10  01  .  2 

10  02  .  1 


Total 


316 


In  this  list  there  are  but  four  reports  giving  a  time  earlier  than 
9h  50m,  and  only  three  giving  a  time  later  than  10h.  The  large  num¬ 
ber  giving  9h  50m,  9h  55ra,  and  10h  is  a  striking  feature,  illustrating 
the  tendency  to  specify  time  in  minutes  which  are  multiples  of  five. 
In  expurgating  this  list  it  is  obvious  enough  that  all  giving  9h  50m 
should  be  thrown  out,  because  they  give  an  earlier  time  than  the  time 
at  Charleston.  Those  giving  10  o’clock  form  an  isolated  or  discontin¬ 
uous  group  and  should  also  be  thrown  out.  This  will  appear  more 
clearly  when  we  come  1  o  examine  those  which  give  9h  59m,  every  one 
of  which  must  be  rejected  on  its  merits,  as  involving  a  large  error. 
Thus  the  first  9h  59ra  is  a  stopped  clock  at  Rome,  Ga.  As  this  clock 
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was  carefully  regulated,  and  was  probably  less  than  half  a  minute 
in  error,  we  can  only  suppose  that  it  was  stopped  by  the  second 
shock,  which  left  the  centrum  about  five  or  six  minutes  after  the 
first  and  greatest  shocks.  The  second  9h  59m  is  from  the  clock  of  the 
Marine  Hospital  at  Memphis,  Tenn.  Sergeant  Flannery,  the  Signal 
Office  observer,  has  reported  no  less  than  eight  clocks  stopped  at 
that  place,  one  of  which  gives  9h  54m,  five  give  9h  55m,  one  9h  5 7m,  and 
one  9h  59m.  We  have  no  alternative  but  to  discard  the  last  two  as 
involving  large  unexplained  errors.  The  third  9h  59m  comes  from 
Somerset,  in  Kentucky.  As  the  other  localities  in  its  neighborhood 
give  9h  53m  to  9h  55m,  it  involves  so  wide  a  discrepancy,  that  it  must 
be  rejected.  The  single  observation  of  9h  58m  48s,  from  Camden, 
Ala.,  is  also  a  stopped  clock,  running  upon  local  time,  but  of  wliat 
locality  is  not  known.  It  is  an  uncertain  observation,  and  this  uncer¬ 
tainty  would  alone  cause  its  rejection,  even  if  it  had  not  been  abnor¬ 
mal.  Thus  an  interval  of  two  minutes  separates  the  10  o’clock  ob¬ 
servations  from  all  earlier  times,  and  as  they  are  abnormal  as  well 
as  isolated,  they  must  all  be  rejected.  The  three  observations  later 
than  10  o’clock  all  come  from  localities  which  give  much  better  ob¬ 
servations,  which  are  earlier,  except  one  from  Chicago.  This  is  an 
uncertain  observation,  and  standing  alone  so  far  from  all  others,  it 
must  be  rejected  as  being  abnormal.  Thus  all  accepted  times  must 
fall  between  9h  51“  and  911  58ra. 

It  is  a  difficult  matter  to  deal  satisfactorily  with  those  giving 
9h  55m.  There  are  no  less  than  86  of  them.  The  only  course  which 
has  suggested  itself  is  to  reject  all  except  those  which  give  internal 
evidence  that  this  was  really  the  nearest  observed  minute,  and  not 
merely  the  nearest  observed  multiple  of  five  minutes.  This  excludes 
half  of  them  at  once.  Very  probably  this  throws  out  some  good 
observations.  But  it  is  better  to  do  this  than  to  admit  them  all, 
knowing  that  by  so  doing  we  should  admit  a  systematic  error  wdiose 
effect  we  have  no  means  of  computing.  The  following  list  com¬ 
prises  the  observations  which  have  been  rejected,  and  the  column  of 
remarks  sets  forth  the  reason  why  in  each  case: 


List  of  rejected  observations. 


Locality. 

Dis¬ 

tance. 

Time. 

Remarks. 

Absecom,  N.  .J . 

553 

m.  s. 

52  00 

Too  early. 

Adairsville,  Ga . 

295 

55  00 

Multiple  of  5. 

Albany,  N.  Y  . 

770 

61  00 

Too  late  and  two  better  reports. 

Arlington,  Tenn . 

444 

50  00 

Asheville,  N.  C . 

231 

50  00 

Atlanta,  Ga . 

253 

50  00 

Do . 

253 

55  00 

Multiple  of  5. 

Atlantic  City.  N.  J . 

552 

52  00 

Too  early. 

DUTTON.] 


THE  SPEED  OF  THE  SHOCKS 


373 


List  of  rejected  observations — Continued. 


Locality. 

Dis¬ 

tance. 

Time. 

Remarks. 

m.  s. 

Atlantic  City,  N.  J . 

552 

55  00 

Multiple  of  5. 

Auburn,  Ala . 

315 

60  00 

Augusta,  Ga . 

111 

47  30 

Too  early. 

Do . 

111 

52  00 

Stated  to  be  second  shock. 

Do . 

111 

55  00 

Multiple  of  5. 

Do . 

Baldwin,  Fla . . 

111 

55  18 

50  00 

Stopped  clock ;  too  late. 

Baltimore,  Md . 

487 

52  00 

Too  early. 

Do . 

487 

55  00 

Multiple  of  5. 

Beaver,  Ohio  . 

444 

51  32 

Too  early. 

Branchville,  S.  C . 

45 

56  00 

Too  late. 

Brattleborough,  Vt . 

812 

60  00 

Bristol,  Tenn . 

280 

50  00 

Brownsville,  Tenn . 

553 

55  00 

Multiple  of  5. 

Buckhannon,  W.  Va . 

419 

56  00 

Too  late. 

Burlington,  N.  J . 

584 

50  00 

Cape  Canaveral,  Fla  .  . 

58  00 

Probably  second  shock. 

Probably  second  shock;  also  uncertain 
local  time. 

Camden,  Ala . 

425 

58  28 

Carrollton,  Ala . 

462 

50  00 

Do . 

462 

60  00 

Carrollton,  Ga . 

290 

50  00 

Centre,  Ala . 

331 

50  00 

Cedar  Keys,  Fla . 

323 

56  00 

Too  late. 

Charleston,  W.  Va . 

385 

55  00 

Multiple  of  5. 

Chatham,  Va . 

272 

51  00 

Too  early. 

Chattanooga,  Tenn . 

329 

50  00 

Do . 

329 

50  00 

Do . 

329 

55  00 

Multiple  of  5. 

|  Charlotte,  N.  C . 

165 

50  00 

Do . 

165 

54  00 

Too  late. 

i  Chauncey,  Ga . 

182 

55  00 

Multiple  of  5. 

Cheraw,  S.  C . 

122 

50  00 

Chicago,  Ill . 

784 

60  00 

Do . 

784 

61  00 

Too  late. 

Cincinnati,  Ohio . 

491 

52  41 

Multiple  of  5,  given  as  9. 15  local ;  too  early. 

Do . 

491 

55  26 

Too  late,  and  seven  better  observations. 

Clanton,  Ala . 

380 

55  00 

Multiple  of  5. 

Climax,  Ga . 

295 

50  00 

Collinwood,  Ohio . 

51  00 

Too  early. 

Do. 

Columbus,  Ga . 

287 

48  00 

Do . 

287 

50  00 

Do . 

287 

56  00 

Too  late. 

Columbus,  Ohio . 

513 

52  00 

Too  early. 

Corinth,  Miss . 

500 

55  00 

Multiple  of  5. 

Covington,  Tenn . 

570 

55  00 

Do. 

Connersville,  Ind . 

543 

52  00 

Too  early. 

Dale  Enterprise,  Va . 

400 

55  00 

Multiple  of  5. 

Dayton,  Tenn . 

330 

50  00 

Daytona,  Fla . 

277 

25  00 

Local;  multiple  of  5. 

De  Land,  Fla . 

291 

50  00 

Delaware  Breakwater,  Del . 

500 

55  00 

Multiple  of  5. 

Detroit,  Mich . 

675 

53  00 

Too  late,  and  five  better  observations. 
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List  of  rejected  observations — Continued. 


Locality. 

Dis¬ 

tance. 

Time. 

Remarks. 

m.  s. 

Dubuque,  Iowa . 

878 

62  00 

Too  late. 

Ellaville,  Fla . 

259 

55  00 

Multiple  of  5. 

Fort  Monroe,  Va . 

356 

55  00 

Do. 

Frankfort,  Iud . 

621 

55  00 

Do. 

. 

48  00 

Too  early. 

Multiple  of  5. 

Grand  Junction,  Tenn . 

538  ! 

55  00 

Greensborough,  Ala . 

435 

60  00 

Hatteras,  N.  C . 

309 

60  00 

Indianapolis,  Ind . 

581 

52  00 

Too  early. 

Jacksonville,  Fla . 

211 

56  00 

Too  late. 

Jasper,  Ind . 

540 

55  00 

Multiple  of  5. 

Kitty  Hawk,  N.  C . 

335 

60  00 

Knoxville,  Tenn . 

302 

55  00 

Do. 

Lake  Annie,  Fla . 

416 

50  00 

Lancaster,  S.  C . 

126 

55  00 

Do.  « 

Lexington,  Ky . 

432 

52  41 

9.15  local;  too  early  and  multiple  of  5. 

Lincolnton,  N.  C . 

187 

55  00 

Multiple  of  5. 

Louisville,  Ky . 

485 

55  00 

Do. 

Lynchburgh,  Ya . 

316 

50  00 

Do . 

316 

55  00 

Do. 

Madison,  Ind . 

500 

52  41 

9.15  local;  too  early  and  multiple  of  5. 

Mannington,  Ky  . 

488 

52  41 

Do. 

Media,  Pa . 

557 

60  00 

Memphis,  Tenn . 

587 

57  00 

Two  to  3  minutes  later  than  6  other  ob¬ 
servations. 

Do . 

587 

59  00 

Too  late. 

Milan,  Tenn . 

530 

•57  00 

Do. 

Mobile,  Ala . 

493 

50  00 

Montgomery,  Ala . 

363 

55  00 

Multiple  of  5. 

Morristown,  N.  J . •. . 

637 

55  00 

Do. 

New  Castle,  Ind . 

566 

55  00 

Do. 

North  Manchester,  Ind . 

Oakland,  111 . 

640 

50  00 

50  00 

Do. 

Oakland,  Md . 

455 

55  00 

Do. 

Orange,  N.  J . 

612 

55  00 

Do. 

Orangeburgli,  S.  C . 

58 

48  00 

Too  early. 

Opelika,  Ala . 

Oswichee,  Ala . 

307 

55  00 

60  00 

Multiple  of  5. 

Oxford,  Md . 

460 

50  00 

Parkersburgh,  W.  Va . 

448 

55  00 

Do. 

Pensacola,  Fla . 

457 

60  00 

Philadelphia,  Pa . 

566 

50  00 

Do . 

566 

52  00 

Too  early. 

Plainfield,  N.  J . 

625 

55  00 

Multiple  of  5. 

Portsmouth.  Ohio . 

433 

56  00 

Too  late. 

Raleigh,  N.  C . 

213 

50  00 

Rome,  Ga . 

302 

59  00 

Probably  second  shock. 

Richmond,  Ya . 

354 

55  00 

Multiple  of  5. 

Rutherfordton,  N.  C . 

200 

50  00 

Sanford,  Fla . 

305 

50  00 

Do . 

305 

56  00 

Too  late. 

Selin’s  Grove,  Pa . 

Selma,  Ala . 

585 

55  00 

60  00 

Multiple  of  5. 
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List  of  rejected  observations — Continued. 


Locality. 

Dis¬ 

tance. 

Time. 

Remarks. 

m.  s. 

Smitliville,  N.  C . 

137 

50  00 

Do . 

137 

54  00 

Too  late. 

Somerset,  Ky . 

386 

59  00 

Do. 

Spencer,  Incl . 

577 

55  00 

Multiple  of  5. 

Sullivan,  111 . 

50  00 

Terre  Haute,  Ind . 

606 

55  00 

Do. 

Tracy  City,  Tenn . 

360 

50  00 

Tuscaloosa,  Ala . 

432 

55  00 

Do. 

Union  Springs,  Ala . 

60  00 

Uniontown,  Pa . 

487 

55  00 

Do. 

Valley  Head,  Ala . 

60  00 

Warsaw,  N.  Y . 

700 

55  00 

Do. 

Washingtonville,  N.  Y . 

680 

55  00 

Do. 

Waycross,  Ga . 

183 

55  00 

Do. 

Weldon,  N.  C . 

281 

50  00 

Woodbury.  N.  J . 

557 

57  00 

To  late. 

Woodstock,  Md . 

502 

55  00 

Multiple  of  5. 

Zellwood,  Fla . 

306 

55  00 

Do. 

Having  expurgated  tlie  list  of  all  aberrant  observations,  we  may 
now  proceed  to  arrange  the  others  in  such  a  manner  that  each  group 
shall  consist  of  observations  which  are  as  nearly  homogeneous  as 
possible: 

I.  The  first  group  will  comprise  those  which  meet  the  following 
requirements:  (1)  The  report  must  specify  the  time  at  which  the 
tremors  first  became  sensible.  (2)  It  must  give  not  only  the  minutes 
but  the  seconds  with  an  uncertainty  not  exceeding  fifteen  seconds. 
(3)  It  must  have  been  obtained  from  a  clock  kept  running  with 
accuracy  upon  standard  or  authentic  local  time,  or  from  a  clock  or 
watch  which  had  been  compared  with  such  a  regulated  clock  within 
a  few  hours  of  the  occurrence. 

II.  The  second  group  must  fulfill  the  same  requirements  as  the 
first,  except  that  the  report  will  be  required  to  give  only  the  nearest 
minute  or  half  minute  of  the  beginning. 

III.  The  third  group  will  include  all  accepted  observations  except 
the  two  groups  already  mentioned  and  the  stopped  clocks.  These  may 
or  may  not  express  the  time  of  beginning.  Neither  is  any  account 
taken  of  possible  errors  of  timepiece,  which  would  be  “  accidental 
errors,”  and  as  the  clock  or  watch  is  as  liable  to  be  too  slow  as  it  is 
be  too  fast,  the  mean  value  of  the  accidental  error  in  a  large  num¬ 
ber  of  observations  would  presumably  be  very  small. 

IV.  The  fourth  group  will  comprise  only  accepted  reports  of 
clocks  stopped  by  the  first  great  shock.  The  clocks,  however,  must 
be  stated  to  have  been  regulated  carefully  by  standard  time  or 
equally  good  local  time. 
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A  synopsis  of  the  entire  list  of  observations,  both  those  which  are 
accepted  and  rejected,  may  now  be  given,  with  their  groupings: 


Synopsis  of  time  observations  by  groups. 


The  discussion  of  the  time  at  Charleston  and  at  the  centrum  has 
already  been  given.  Professor  Newcomb’s  observation  is  recited  in 
his  general  discussion  of  the  time  reports.  The  observation  of  Ser¬ 
geant  Alex.  McAdie  was  made  under  favorable  circumstances.  He 
noted  the  time  of  beginning  by  his  watch,  and  compared  it  carefully 
with  the  time  of  the  Naval  Observatory  the  npxt  day,  and  ascertained 
its  rate,  with  a  probable  error  not  exceeding  one  or  two  seconds. 

The  observation  of  Mr.  Randolph  will  be  best  appreciated  by  giv¬ 
ing  his  own  language.  He  says: 

I  was  sitting  with  one  leg  thrown  over  and  resting  on  the  other.  After  noticing 
for  a  few  seconds  my  suspended  foot  swinging  at  right  angles  with  the  position  of 
my  body  with  the  regularity  of  a  pendulum,  and  feeling  a  general  movement  in  the 
same  direction,  and  hearing  a  sonorous  beating  of  some  object  in  my  bed-room  ad¬ 
joining  keeping  time  with  these  oscillations,  I  arose  and  walked  across  the  room  to 
my  watch,  and  upon  inspection  saw  that  the  minute-hand  was  exactly  half-way  be¬ 
tween  9h  53m  and  9h  54,n.  My  watch  has  for  the  last  two  months  coincided  precisely 
with  the  chronometers  exposed  for  public  reference  in  the  windows  of  the  principal 
dealers,  and  I  had  made  a  comparison  only  the  day  before.  In  order  to  form  an 
estimate  of  the  duration  of  the  phenomenon  I  held  my  watch  before  me,  and  ob¬ 
served  the  time  required  to  repeat  from  memory  the  observations  I  had  just  made, 
and  this  indicated  45  seconds,  and  10  seconds  from  the  first  sensation  to  the  time  of 
observations. 

Altliougii  Mr.  Randolph’s  account  of  the  relation  of  his  watch  to 
accurate  standard  time  may  leave  something  to  be  desired,  I  am  dis¬ 
posed  to  regard  his  observation  as  coming  fairly  within  the  require¬ 
ments.  But  as  the  verification  of  his  watch  is  subject  to  a  somewhat 
larger  uncertainty  than  that  of  Professor  Newcomb  and  Sergeant 
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McAdie,Ihave  given  liis  report  only  half  the  weight  assigned  to  the 
other  two. 

Mr.  M.  C.  Whitney’s  observation  at  New  York  was  indeed  a  happy 
accident.  He  was  standing  before  a  jeweler’s  fine  regulator  clock 
kept  accurately  to  standard  time,  and  was  in  the  act  of  setting  his 
watch,  which  had  run  down.  It  was  a  stop-watch,  and  he  was  hold¬ 
ing  the  stop,  waiting  for  the  second-hand  of  the  clock  to  coincide  with 
that  of  his  watch.  While  so  waiting  he  became  conscious  of  the  dis¬ 
turbance,  and  being  familiar  with  earthquakes  he  recognized  the 
phenomenon,  and  at  once  noted  the  time  9h  54ra  35s  by  the  clock. 
He  thinks  that  about  five  seconds  elapsed  from  the  first  sensation  to 
the  time  of  observation.  Mr.  Whitney’s  observation  is  strongly  cor¬ 
roborated  by  a  large  number  of  reports  coming  from  New  York. 

The  observation  of  Mr.  Louis  Hughes,  of  Dyersburg,  is  also  a 
good  one.  His  watch  is,  “  from  business  necessity,”  as  he  states, 
kept  most  accurately  with  standard  time  received  daily  at  the  rail¬ 
way  station.  He  noted  the  time  at  9h  54m  6s,  and  estimates  that  five 
or  six  seconds  elapsed  between  the  first  sensation  and  the  moment  of 
observation.  His  watch  was  carefully  compared  next  morning  with 
the  time-signal,  and  he  gives  9h  54m  10s  as  the  nearest  minute  and 
second.  Mr.  Hughes  is  apparently  a  competent  observer,  and  his 
correspondence  shows  that  he  is  well  aware  of  what  is  necessary  to 
make  as  good  an  observation  as  the  circumstances  will  permit. 

Each  of  the  observations  constituting  this  group  will  give  an 
equation  of  condition  in  the  following  manner,  suggested  by  Profes¬ 
sor  Newcomb:  The  computed  time  of  the  beginning  at  the  centrum 
(which  has  already  been  given)  must  be  presumed  to  have  some 
error,  which  may  be  designated  by  x.  If  t0  be  the  computed  time 
at  the  centrum  (9h  51m  6s)  and  t  the  reported  time  at  any  other 
locality,  then  (t— /0)=the  number  of  seconds  in  the  observed  time- 
interval  taken  by  the  wave  to  travel  from  the  centrum  to  the  place 
of  observation.  If  D  be  the  distance  in  statute  miles  and  y  the 
number  of  seconds  or  fraction  of  a  second  required  to  travel  one 
mile,  we  may  form  the  following  equation:  x+Dy=t—U,  in  which 
there  are  only  two  unknown  quantities,  x  and  y.  This  implies  that 
the  speed  is  uniform.  If  this  implication  differs  widely  from  the 
truth,  indications  of  it  may  be  expected  to  appear  in  the  residuals. 
It  is  necessary  to  put  the  equations  of  condition  into  a  form  in  which 
a  time  and  not  a  speed  shall  be  the  observed  quantity,  because  the 
times  and  not  the  distances  are  the  data  into  which  the  greatest  un¬ 
certainty  enters.  If,  putting  v  for  the  speed  of  transmission,  we  put 
our  equations  into  the  form  of  v  (t  —  t0)  =D,  they  would  be  subject  to 
the  objection  that  their  uncertain  quantities  would  be  the  coefficients 
of  the  unknown  quantities  and  not  the  absolute  terms. 1  The  distances 

1 1  am  indebted  to  Professor  Newcomb  for  this  method  of  forming  the  equations 
of  condition. 
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from  tlie  centrum  have  been  taken  from  the  Land  Office  map  of  the 
United  States  by  measurement  with  a  scale.  They  are  subject  to 
possible  errors  as  great  as  three  or  four  miles,  but  this  error  is  so 
small  in  comparison  with  the  best  times,  that  the  distances  may  be 
regarded  as  sensibly  exact. 

The  following  reports  constitute  the  first  group.  For  the  sake  of 
brevity  the  full  accounts  of  these  reports  are  here  omitted. 


GROUP  I. — THE  BEST  OBSERVATIONS. 


Locality. 

Distance. 

Time  9h+ 

Weight. 

Observer. 

Centrum,  S.  C . 

0 

m.  s. 
51  0(3 

2 

Washington,  D.  C . 

453 

53  20 

2 

Prof.  Newcomb. 

Do . 

452 

53  23 

2 

Alex.  McAclie. 

Baltimore,  Md . 

487 

53  20 

i 

R.  Randolph. 

M.  C.  Whitney. 
Louis  Hughes. 

New  York,  N.  Y . 

54  30 

2 

Dyersburgh,  Tenn . 

569 

54  00 

*  1 

From  these  observations  the  following  equations  of  condition  may 
be  formed: 

Weights.  Residuals. 


Centrum . 

2 

—  2.6 

Washington. . . 

. . .  x  +  452  y  —  135.5 

4 

+  1.6 

Baltimore . 

. . .  x  +  487  y  —  134 

1 

+  13.9 

Uversl  >urgli  . . . 

. . .  x  +  569  y  —  174 

1 

—  0.8 

New  York  .... 

2 

—  7.3 

The  normal  equations  are 

10  a-  +  4154  y  =  1258 

4154  a;  +  2210196  y  =  672408 

The  solution  gives  x  —  —  2.6s  A  4.7s  and  y  =  0.309s  A  0.01s. 

The  resulting  speed  is  3.236  A  0.105  miles,  or  5205  A  168  meters  per 
second. 


GROUP  n. — GOOD  REPORTS,  GIVING  THE  TIME  OF  BEGINNING  TO  THE 
NEAREST  MINUTE  OR  HALF  MINUTE. 


Locality. 

Distance. 

Time. 

Weight. 

Reported  by — 

Centrum,  S.  C . 

0 

m.  s. 
51  06 

2 

Nashville,  Tenn . 

438 

53  30 

1 

J.  D.  Leonard. 

Covington,  Ky . 

488 

53  41 

1 

Joseph  Brookshaw. 

Pikesville,  Md . 

490 

53  30 

1 

C.  R.  Goodwin. 

Evansville,  Ind . 

545 

54  00 

1 

F.  W.  Norton. 

Cleveland,  Ohio . 

604 

54  00 

1 

William  Line. 

Do . 

604 

54  00 

1 

G.  H.  Tower. 

Crawfordsville,  Ind . 

620 

\ 

E.  C.  Simpson. 

G.  W.  Holstein. 

Belvidere,  N.  J . 

622 

54  00 

1 

-New  York,  N.  Y . 

645 

54  30 

1 

New  York  Herald. 

Stockbridge,  Mass . 

56  00 

i 

1 

J.  O.  .Tacot. 

Albany,  N.  Y . 

770 

55  00 

W.  G.  Tucker. 

1.  The  report  of  Mr.  Leonard,  of  Nashville,  states  that  he  was  sit¬ 
ting  in  his  office  at  the  time  of  the  earthquake.  A  large  clock,  with 
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a  pendulum  beating  seconds  and  with  a  second-hand,  was  fastened  to 
the  wall  in  front  of  him.  It  is  from  business  necessity  regulated 
most  carefully  to  standard  time.  The  time  was  noted  within  a  very 
few  seconds  of  the  beginning  as  almost  exactly  9h  53m  30s.  The 
clock  subsequently  stopped  by  the  pendulum  beating  against  the 
door  of  the  clock-case  at  9h  54m  12s. 

2.  The  report  of  Mr.  Joseph  Brookshaw,  of  Covington,  Ky.,  lias 
been  carefully  inquired  into.  He  had  become  familiar  with  earth¬ 
quakes  by  a  residence  of  several  years  in  San  Francisco,  and  recog¬ 
nized  the  nature  of  the  tremors  at  once,  and  knew  the  importance  of 
noting  the  time  with  accuracy.  Some  delay  occurred  in  getting  his 
watch,  but  he  estimated  the  time  which  elapsed  between  the  first  sensa¬ 
tion  and  the  reading  of  his  watch  as  being  very  nearly  twenty  seconds. 
The  next  morning  he  compared  his  watch  with  the  regulator  of  I.  J. 
Evans,  and,  after  correcting  for  the  error  of  his  watch,  gives  the  time 
as  9h  16m  local  or  9h  54m  41s  standard  for  the  beginning.  He  believes 
his  error  will  not  exceed  ten  seconds.  The  regulator  of  Mr.  Evans  is 
controlled  by  Dulime  &  Co.,  of  Cincinnati,  who  furnish  exact  time 
for  that  city  and  suburban  towns.  This  clock  also  stopped  at  a  later 
phase  of  the  disturbance,  viz,  9h  17m  20s  local  or  9h  55m  standard. 

3.  At  Pikesville,  Md. ,  near  Baltimore,  Mr.  C.  R.  Goodwin  noted 
the  time  at  the  close  of  the  first  maximum  at  9h  54ra.  By  comparison 
with  the  time-ball  in  Baltimore  the  next  day  he  found  his  watch  half 
a  minute  slow.  As  the  time  from  the  beginning  to  the  close  of  the 
first  maximum  in  Washington  and  Baltimore  is  known  to  have  been 
very  nearly  one  minute,  the  correction  for  Mr.  Goodwin’s  report 
gives  9h  53m  30s  as  the  time  of  the  beginning. 

4.  Mr.  F.  W.  N orton  was  in  a  third-story  room  of  a  hotel  in  Evans¬ 
ville,  and  had  just  noted  the  time  by  his  watch  as  9h  57m.  At  that  in¬ 
stant  he  became  aware  of  an  unusual  disturbance  and  shaking  of  the 
room,  accompanied  by  a  strange  sensation  of  unsteadiness,  and  soon 
realized  that  it  was  an  earthquake.  A  few  minutes  afterward  he 
went  downstairs,  and,  during  a  discussion  of  the  subject,  there  was 
some  difference  of  opinion  as  to  the  time.  To  settle  the  matter  he 
went  to  the  telegraph  office,  and  found  his  watch  2m  55s  fast;  this 
making  the  time  very  nearly  9h  54m  for  the  beginning. 

5.  The  report  from  William  Line,  Signal  Service  observer  at  Cleve¬ 
land,  gives  9h  54m  for  the  beginning,  his  clock  being  carefully  regu¬ 
lated  to  standard  time. 

6.  The  report  of  G.  H.  Tower,  keeper  of  the  light-house,  gives 
9h  54m  as  the  time  of  beginning.  In  this  instance  the  light-house 
keeper  had  ample  facilities  for  securing  accurate  standard  time.  He 
states  that  his  clock  was  compared  the  next  day. 

7.  The  report  of  E.  C.  Simpson,  of  Crawfordsville,  states  that  as 
soon  as  he  felt  the  tremors  he  recognized  their  character,  and  in¬ 
stantly  noted  his  watch,  which,  as  shown  by  comparison  with  the 
time  at  the  railway  station,  was  correct.  As  Mr.  Simpson’s  report 
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does  not  state  how  soon  his  watch  was  compared  with  standard  time, 
or  even  whether  it  was  compared  before  or  after,  it  is  given  only  one- 
half  the  weight  of  the  others. 

8.  Mr.  G.  W.  Holstein,  of  Belvidere,  N.  J.,  noted  the  time  at  the 
beginning,  or  within  a  very  few  seconds  of  it,  as  9h  54m,  and  the  tre¬ 
mors  continued  until  9h  59m.  He  compared  his  watch  carefully  the 
next  morning  with  the  time  of  the  Pennsylvania  Railroad. 

9.  The  New  York  Herald  reports  that  the  shock  was  felt  in  the 
main  office  of  the  Western  Union  Telegraph  Company  in  New  York 
City  with  unusual  severity.  One  of  the  operators  in  the  upper  part 
of  this  great  building  w^s  sending  a  telegram,  and,  in  accordance 
with  the  regular  practice,  had  marked  upon  it  the  minute  at  which 
it  was  sent,  9h  54m.  Just  as  he  finished  sending  it  he,  in  common  with 
all  the  other  operators  in  the  room,  became  aware  of  the  tremors. 
He  gives  the  time  as  9h  54m  30s  for  the  beginning.  The  Herald  does 
not  give  the  name  of  the  operator,  but  as  the  report  is  sufficiently 
circumstantial,  and  as  this  office  is  the  proximate  source  of  accurate 
standard  time  for  the  most  populous  portion  of  the  United  States,  it 
is  accepted  at  face  value.  It  agrees  well  with  the  tenor  of  a  large 
number  of  reports  from  New  York  City,  and  especially  with  the  ex¬ 
cellent  report  of  Mr.  M.  C.  Whitney,  in  the  first  group. 

10.  From  Stockbridge,  Mass.,  Mr.  J.  O.  Jacot  reports  that  he  was 
favorably  situated  for  observation.  He  is  a  jeweler,  and  was  sitting 
beside  his  regulator  at  the  time.  The  tremors  were  quite  faint,  but 
were  distinctly  noted.  He  gives  the  time  of  beginning  by  his  clock 
as  9h  56m.  As  it  is  quite  probable  that  he  failed  to  recognize  the 
earlier  tremors,  and  as  his  observation  is  considerably  aberrant,  it  is 
given  only  half  weight. 

11.  Hr.  W.  F.  Tucker,  of  Albany,  N.  Y.,  felt  the  tremors  very 
distinctly,  and  noted  the  time  at  once.  He  compared  his  watch  next 
morning  with  the  time  of  the  Dudley  Observatory,  and  after  correc¬ 
tion  for  its  error  he  gives  the  time  of  beginning  as  9h  55m,  with  an 
uncertainty  not  exceeding  twenty  seconds.  The  tremors  were  much 
more  sharply  defined  at  Albany,  according  to  all  accounts,  than  at 
Stockbridge. 

From  these  observations  we  may  form  the  following  equations  of 
condition : 


Distance. 

Weights. 

Residuals. 

Centrum . . . 

. .  x-\-  0 y  — 

0 

2 

—  1.6 

Nashville . 

. .  x  -f-  438  y  — 

144 

1 

—  9.8 

Covington . 

.  a? +  488?/ — 

155 

1 

—  5.3 

Pikesville . 

. .  x  +  490  y  — 

144 

1 

+  6.3 

Evansville . 

.  a? +  545?/ — 

174 

1 

—  6.6 

Cleveland . . 

. .  x  +  604  y  — 

174 

2 

+  11.6 

Crawfordsville  . . 

.  a; +  620  7J  = 

174 

i 

+  16.6 

Belvidere . 

.  £c+  622  y  — 

174 

1 

+  17.2 

New  York  . 

. .  x  +  645  y  — 

204 

1 

—  5.6 

Stockbridge . 

. .  tr +  765?/  — 

294 

'  i 

—  58.4 

Albany . 

.  x  +  770?/  — 

234 

1 

+  3.1 
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Tlie  normal  equations  are — 

12  £C  +  5898.5 y—  1811 

5898.5  a;  +  8577866.5  y  =  1100677 

The  solution  gives  x  —  —1.6s  ±7. 7s  and  y  =  0.310s  h  0.014s.  The 
resulting  speed  is  3.226  =t  0.147  miles,  or  5192  ±  236  meters  per  second. 

GROUP  III. — MISCELLANEOUS  OBSERVATIONS. 

This  group  contains  all  accepted  observations  which  remain  after 
deducting  those  comprised  in  Groups  I  and  II,  already  discussed, 
and  the  stopped  clocks.  There  are  a  few  of  them  which  state  that 
the  time  given  is  that  of  the  beginning  of  the  tremors,  but  they  fail 
to  give  any  assurance  that  the  clock  or  watch  was  in  close  agree¬ 
ment  with  authentic  time.  Very  many  of  them  assert  that  the  clock 
or  watch  was  right,  but  fail  to  state  that  the  time  given  was  that 
of  the  beginning.  It  is  quite  probable  that  many  good  observa¬ 
tions  are  contained  in  this  group  ;  as  good  as,  and  perhaps  even 
better  than,  some  of  those  contained  in  the  first  two  groups.  But 
they  are  unaccompanied  by  the  evidence  which  is  necessary  to  enti¬ 
tle  them  to  so  much  credit.  It  is  also  probable  that  many  of  them 
refer  to  advanced  phases  of  the  earthquake.  Thus  it  must  appear 
that  this  group  as  a  whole  ought  to  give  a  lower  speed  or  later  mean 
time  of  observation  than  the  two  preceding  ones.  It  is  not  possible 
that,  apart  from  the  errors  of  clocks  or  watches,  any  observer  would 
report  a  time  earlier  than  the  beginning;  but  many  might  note  a 
phase  later  than  the  beginning.  Hence  the  personal  errors  of  ob¬ 
servation  are  on  the  whole  almost  sure  to  be  in  one  direction,  and 
that  is  towards  a  time  later  than  the-  beginning.  It  is  therefore  a 
systematic  error,  which  is  not  eliminated  by  taking  the  mean  or  aver¬ 
age.  There  is  no  satisfactory  means  of  estimating  the  magnitude 
of  this  systematic  error.  How  large  a  proportion  of  the  observers 
would  seek  to  identify  the  observed  time  with  that  of  the  beginning 
it  is  impossible  to  judge.  In  localities  at  a  great  distance  from  the 
centrum,  six  hundred  and  fifty  miles  or  more,  where  the  tremors 
were  so  light  that  only  those  who  were  favorably  situated  perceived 
them  at  all,  and  where  the  beginning  was  very  gradual,  it  might  be 
anticipated  that  even  the  most  intelligent  observers  would  fail  to 
recognize  them  until  many  precious  seconds  had  passed,  and  would 
be  quite  unable  to  identify  the  beginning  at  all.  The  general  indi¬ 
cations  are,  however,  that  this  systematic  error  is  not  a  very  large 
one;  and,  in  fact,  that  it  is  smaller  than  might  at  first  be  anticipated. 
For  example :  We  have  from  three  cities  a  considerable  number  of 
closely  concordant  reports,  viz,  Washington,  New  York,  and  Cin¬ 
cinnati,  some  of  which  distinctly  state  the  time  of  beginning  as 
ascertained  by  verified  clocks  or  watches,  while  others  do  not  state 
the  phase  at  all.  In  Washington  the  mean  of  reports  is  twelve  or 
fifteen  seconds  later  than  the  excellent  reports  of  Professor  Newcomb 
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and  Sergeant  McAdie.  In  New  York  the  mean  of  observations  is 
fifteen  seconds  earlier  than  the  two  reports  which  give  the  time  of 
the  beginning.  In  Cincinnati  the  mean  of  all  reports  is  about  fifteen 
seconds  later  than  the  beginning.  On  the  whole  the  average  observer 
must  be  credited  with  a  good  deal  of  common  sense,  and  in  a  large 
proportion  of  the  cases  I  infer  that  he  honestly  endeavored  to  report 
the  beginning.  The  chief  difficulty  was  in  recognizing  the  begin¬ 
ning  in  places  where  the  tremors  were  comparatively  light.  The 
systematic  error  which  would  arise  from  this  cause  is  probably  small. 
It  seems  to  me  that  it  ought  not  to  be  estimated  as  greater  than  one- 
tenth  of  the  time  interval  between  Charleston  and  the  place  of  obser¬ 
vation,  nor  less  than  one-twentieth  of  that  amount. 


GROUP  III.— LIST  OF  ONE  HUNDRED  AND  TWENTY-FIVE  MISCELLANEOUS  TIME  RE¬ 
PORTS,  EXCLUDING  ALL  OF  GROUPS  I,  II,  AND  IV. 


Locality. 

Dis¬ 

tance. 

Time. 

Weight. 

Remarks. 

Statesburgh,  S.  C . , . 

80 

m.  s. 

51  30 

1 

Columbia,  S.  C . 

89 

52  00 

1 

Savannah,  Ga . 

89 

51  53 

2 

Three  reports. 

Two  reports. 

Augusta,  Ga . 

111 

51  30 

2 

Laurinburgh,  N.  C . 

135 

1  00 

1 

Darien,  Ga  . 

138 

52  30 

1 

Brunswick,  Ga . 

155 

52  00 

1 

. 

Macon,  Ga . 

203 

52  00 

1 

Jacksonville,  Fla . 

211 

5.2  00 

2 

Three  reports. 

Fernandina,  Fla . 

225 

53  00 

1 

Olustee,  Fla . 

255 

53  00 

1 

Palatka,  Fla . 

255 

53  00 

1 

Thomasville,  Ga  . 

273 

52  20 

1 

Wytheville,  Va . 

284 

52  37 

1 

Knoxville,  Tenn . 

302 

54  00 

1 

Zellwood,  Fla .  . 

306 

53  00 

1 

Chattanooga,  Tenn . 

329 

53  00 

1 

Norfolk,  Va . 

349 

54  00 

1 

University,  Ala . 

363 

52  00 

1 

Ashland,  Va . • . 

367 

52  00 

1 

Shelby  Iron  Works,  Ala . 

377 

54  00 

1 

Catlettsburgh,  Ky . 

405 

52  30 

1 

Two  reports. 

Pungoteague.  Va . 

410 

53  00 

1 

Decatur,  Ala . 

412 

53  00 

1 

Ironton,  Ohio . 

414 

55  00 

1 

Nashville,  Tenn . 

438 

54  30 

1 

Washington,  D.  C . 

452 

53  41 

2 

Four  reports. 

Louisville,  Ky . . 

485 

54  38 

1 

Two  reports. 

Baltimore,  Md . 

487 

53  00 

1 

Dayton,  Ky . 

487 

54  11 

1 

Newport,  Ky . 

488 

53  21 

1 

Cincinnati,  Ohio . 

491 

53  41 

4 

Six  reports. 

Lancaster,  Ohio . 

491 

54  00 

1 

Wyoming,  Ohio. .  ...  . 

501 

53  41 

1 

Columbus,  Ohio . 

513 

53  41 

2 

Four  reports. 

Hamilton,  Ohio . 

513 

54  11 

1 

Paris,  Tenn . . 

520 

56  00 

1 
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GROUP  III. — LIST  OF  ONE  HUNDRED  AND  TWENTY-FIVE  MISCELLANEOUS  TIME  RE¬ 
PORTS,  including  all  of  groups  I,  ii,  and  iv. — Continued. 


Locality. 

Dis¬ 

tance. 

Time. 

Weight. 

Remarks. 

Pittsburgh,  Pa . 

525 

m.  s. 

54  30 

1 

Two  reports. 

Brookville,  Ind . 

526 

53  00 

1 

New  Philadelphia,  Ohio . 

532 

54  00 

1 

Sewickley,  Pa . 

535 

54  00 

1 

Mount  Vernon,  Ohio . 

536 

56  00 

1 

Wellsville,  Ohio . 

538 

55  00 

1 

Oxford,  Miss . 

548 

56  00 

1 

Paducah,  Ky . 

558 

52  15 

1 

Philadelphia,  Pa . 

566 

53  00 

1 

Burlington,  N.  J . 

584 

53  00 

1 

Indianapolis,  Ind . 

58j 

55  00 

2 

Two  reports. 

Cairo,  111 . 

588 

53  00 

1 

Titusville,  Pa . 

608 

56  00 

1 

Helena,  Ark . 

609 

55  00 

1 

Toledo,  Ohio . 

637 

55  00 

1 

Newark,  N.  J . 

640 

53  00 

1 

Jamestown,  N.  Y . 

642 

56  00 

1 

Brooklyn,  N.Y . 

643 

54  30 

3 

Four  good  reports. 

New  York,  N.  Y . 

645 

54  12 

6 

Ten  reports. 

Hackensack,  N.  J . 

654 

54  00 

1 

Warwick,  N.Y..' . 

661 

56  00 

1 

Gowanda,  N.Y . 

666 

55  00 

1 

Detroit.  Mich . 

675 

55  12 

3 

Five  reports. 

Valparaiso,  Ind . 

705 

53  00 

1 

London,  Ontario  . 

706 

55  00 

1 

Peoria,  Ill . 

710 

55  00 

1 

New  Haven,  Conn . 

711 

55  30 

2 

Two  reports. 

Port  Huron,  Mich . 

712 

55  00 

1 

Hudson,  N.  Y . 

747 

57  00 

1 

Hartford,  Conn . 

747 

54  45 

2 

Tw'o  reports. 

Stuyvesant,  N.  Y . 

760 

57  00 

1 

East  Saginaw,  Mich . 

766 

58  00 

1 

Albany,  N.  Y . 

770 

56  40 

1 

Fonda.  N.Y . 

775 

55  00 

1 

Saratoga,  N.Y . 

797 

53  00 

1 

Greenfield,  Mass . 

799 

55  00 

1 

Keokuk,  Iowa . 

810 

56  00 

2 

Two  reports. 

Dighton,  Mass . 

812 

56  00 

1 

Davenport,  Iowa . 

827 

55  00 

1 

Lake  Placid,  N.Y . 

827 

55  00 

1 

Jamaica  Plain,  Mass . 

828 

57  00 

1 

Blue  Mountain  Lake,  N.Y . 

830 

56  00 

1 

Bellow's  Falls,  Vt . 

832 

53  00 

1 

Boston,  Mass . 

632 

55  30 

1 

Two  reports. 

Dubuque,  Iowra . 

878 

57  00 

1 

Prairie  du  Chien,  Wis . 

924 

56  30 

1 

Let  us  take  these  observations  in  sets,  the  first  comprising  those 
within  200  miles  of  the  centrum,  the  second  those  between  200  and 
and  300  miles,  the  third  those  between  300  and  400  miles,  and  so  on 
until  the  last,  which  shall  comprise  all  beyond  800  miles.  If  we 
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take  the  weighted  arithmetical  mean  of  each  of  these  sets  we  shall 


have  the  following 
beginning-,  less  9 
the  wave  in 


equations  of  condition,  in  which  x  =  the  time  of 
,  and  y=  the  fraction  of  a  second  occupied  by 
mile : 


& 

h  51m  (3s 


»I1I^  OI1L  - 

x  +  0  y  — 

0 

Weights. 

2 

Residuals. 

+  4.  06 

0  to  155 

x  +  111  y  = 

39 

9 

+  1.90 

203  to  284 

x  -j-  240  y  == 

84 

8 

—  .28 

302  to  377 

x  -j-  342  y  = 

122 

7 

—  4.43 

405  to  491 

x  -j-  462  y  = 

158 

16 

—  .60 

501  to  588 

x  -j-  542  y 

184 

18 

—  .05 

608  to  675 

x  -f  647  y  = 

217 

20 

+  1.80 

705  to  799 

x  -f-  744  y  =’ 

255 

15 

—  4.00 

810  to  924 

x  +  837  y  = 

278 

11 

+  3.85 

The  normal  equations  are: 


106  x  +  55768  y 

55768  x  +  34474772  y 


18940 

11668675 


The  solution  gives  x  =  +  4.06  4  1.7s  and  y  =0.3319  4  0.0029s. 
The  resulting  speed  is  3.013  ±0.027  miles,  or  4848  4  43  meters.  To 
this  result,  however,  must  be  applied  a  correction  for  the  systematic 
error,  which  we  have  taken  to  be  one-fifteenth  of  the  result.  The 
probable  error  of  this  correction  is  no  doubt  a  relatively  large  one, 
because  of  the  uncertain  grounds  upon  which  it  is  estimated.  I  shall 
take  it  to  be  one-third  of  the  correction.  This  will  make  the  cor¬ 
rected  result  3.214  4  0.072  miles,  or  5171  4  116  meters  per  second. 


GROUP  IV. — STOPPED  CLOCKS. 

It  is  natural  to  suppose  that  if  a  clock  were  stopped  by  an  earth¬ 
quake,  and  if  its  error  at  the  time  were  known,  it  would  give  the  best 
possible  record  of  the  time  of  advent  of  the  shock.  An  examination 
of  the  time  reports  of  this  earthquake,  however,  strongly  contradicts 
this  conclusion.  A  clock  may  stop  at  almost  any  phase  of  the  dis¬ 
turbance.  A  sensitive  one  may  pass  through  an  earthquake  of  con¬ 
siderable  violence  and  not  stop  at  all.  A  jeweler’s  clock  in  Charles¬ 
ton  was  found  going  the  next  morning,  and  when  the  telegraph  wires 
were  reopened  its  error  was  found  to  be  small,  showing  that  its 
escapement  had  missed  very  few  beats,  if  any.  Clocks  in  Columbia, 
Savannah,  Augusta,  and  Wilmington,  N.  C.,  in  many  cases  kept 
going.  Inquiry  at  Wilmington  elicited  the  reply  that  no  jewelers’ 
clocks  had  been  stopped.  Several  reports  describe  clocks  whose  rates 
are  satisfactorily  vouched  for,  but  whose  times  can  be  accounted  for 
only  upon  the  theory  that  they  were  stopped  by  the  second  powerful 
shock,  which  was  felt  at  Charleston  about  five  minutes  after  the 
principal  one  ;  e.  g. ,  Brancliville,  S.  C. ;  Augusta  and  Rome,  Ga. ;  Cape 
Canaveral;  Camden,  Ala.;  Memphis,  Tenn.  There  are  some  cities 
where  the  time  of  beginning  is  well  established  by  independent  obser¬ 
vation  and  which  also  report  stopped  clocks.  In  every  such  case  the 
time  of  the  stopped  clock  is  much  later.  Thus  at  Nashville  the  time 
of  beginning  was  noted  by  a  clock  which  continued  going  for  forty- 
two  seconds  and  then  stopped.  Similar  means  of  comparison  come 
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from  Cincinnati;  Covington,  Ky. ;  Pittsburgh;  Newark,  N.  J. ;  Brook¬ 
lyn,  and  New  York.  And,  in  general,  wherever  stopped  clocks  can 
be  compared  with  really  good  personal  observations  they  invariably 
show  a  later  time,  and  usually  a  much  later  one.  The  difference  is 
plainly  due  to  the  fact  that  it  generally  takes  a  considerable  time 
and  an  accumulation  of  the  effects  of  the  vibrations  of  the  building 
upon  the  pendulum  to  stop  a  clock.  An  attempt  has  been  made  to 
evaluate  this  difference  by  taking  those  cases  where  a  comparison 
can  be  made  between  the  readings  of  stopped  clocks  and  independent 
determinations  of  the  times  of  the  beginning  in  the  same  locality. 


Locality. 

Intervals 
by  personal 
observa¬ 
tions. 

Intervals 
by  stopped 
clocks. 

Ratios. 

Weights. 

* 

Seconds. 

Seconds. 

Nashville,  Term . 

144 

186 

1.29 

2 

Covington,  Ky . 

155 

235 

1.52 

1 

Cincinnati,  Ohio . 

155 

195 

1.26 

2 

Pittsburgh,  Pa . 

174 

234 

1.34 

1 

Brooklyn,  N.  Y . 

204 

231 

1.15 

1 

New  York,  N.  Y . 

204 

249 

1.22 

2 

Mean  ratio . 

1.28 

In  this  table  the  comparison  at  Cincinnati  takes  account  only  of  a 
single  clock,  whose  error  happened  to  be  known  exactly.  The  time 
of  beginning  in  that  city  is  also  known  with  exceptional  certainty 
and  accuracy.  It  will  not  differ  more  than  eight  or  ten  seconds  from 
9h  16m  Cincinnati  local  mean  time,  or  9h  53m  41s  standard  time.  If  we 
consider  Cincinnati  and  suburban  towns  within  15  miles  of  the  city 
which  are  supplied  with  local  time  from  the  Cincinnati  Observatory, 
we  have  no  less  than  twenty-two  time  reports,  of  which  nine  are  stop¬ 
ped  clocks.  Two  personal  observations  giving  9h  15m  local  have  been 
rejected,  because  they  are  multiples  of  five.  One  report  giving  9h  17m 
45s  has  been  rejected  because  its  author,  besides  indicating  that  it  re¬ 
fers  to  an  advanced  phase,  throws  doubt  on  his  own  observation.  Of 
the  remaining  ten  personal  observations  one  gives  9h  15m  40s,  eight  give 
9h  16m,  and  one  gives  9h  16m  30s.  Of  the  stopped  clocks,  three  were  in 
the  central  office  of  the  Western  Union  Telegraph  Company.  They 
kept  standard  time,  and  were  read  only  to  the  nearest  minute.  All 
three  are  reported  to  have  stopped  at  9h  54m.  The  clock  in  the  fire  tower 
is  the  one  whose  error  was  known.  Its  corrected  reading  was  9h  16m 
40s.  The  remaining  clocks  gave  9h  15m,  9h  16m,  9h  17m,  9h  17m  20s,  and  9h 
19m.  Four  of  the  latter  were  from  the  surburban  town  of  Lockland. 
Reducing  to  standard  time  and  taking  their  mean,  the  ratio  of  the  time- 
interval  by  stopped  clocks  to  that  by  personal  observation  is  lh  2Gm, 
a  result  identical  with  that  derived  from  the  clock  in  the  fire  tower 
and  nearly  the  same  as  that  in  the  table.  There  is  reason  to  believe, 
however,  that  this  ratio  is  a  little  too  great  for  the  mean  of  stopped 
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clocks  throughout  the  entire  country,  and  especially  so  for  those  of 
very  distant  localities;  for  if  the  ratio  were  uniform,  the  absolute  dif¬ 
ferences  between  the  two  kinds  of  data  would  be  very  wide  in  remote 
regions  and  small  near  the  centrum.  This  is  not  the  case.  The 
absolute  differences  at  very  remote  localities  are  very  little,  if  any, 
greater  than  those  at  the  middle  distances.  This  difficulty  prevents 
us  from  assigning  any  specific  value  to  the  correction  and  from  de¬ 
termining  its  probable  error.  Nevertheless  the  comparisons  just 
made  indicate  that  the  systematic  error  is  jjrobably  of  such  magni¬ 
tude  that,  if  due  allowance  were  made  for  it,  the  corrected  result  for 
the  stopped  clocks  would  not  differ  much  from  those  of  the  preceding 
groups.  While  this  group  furnishes  evidence  which  strongly  sup¬ 
ports  the  approximate  correctness  of  the  results  of  the  other  three,  it 
can  not  be  a  source  of  greater  precision  nor  can  it  furnish  the  means 
of  reducing  the  final  probable  error. 

STOPPED  CLOCKS. 


Locality. 

Dis¬ 

tance. 

Time. 

No.  rf 
clocks. 

Weight. 

Centrum,  S.  C .  . 

0 

m.  s. 

51  06 

Charleston,  S.  C . 

20 

51  12 

4 

3 

Columbia,  S.  C . 

89 

51  00 

2 

2 

Savannah,  Ga .  . 

89 

51  55 

2 

o 

Langley,  S.  C . 

103 

53  00 

i 

i 

Augusta,  Ga . 

111 

52  00 

i 

i 

Cochran,  Ga . 

192 

52  00 

2 

2 

Macon,  Ga . 

203 

51  30 

1 

i 

Jacksonville,  Fla . 

211 

52  00 

1 

i 

Atlanta,  Ga . 

252 

52  22 

4 

3 

Catlettsburgli,  Ky . 

405 

53  00 

1 

1 

Nashville,  Tenn . 

438 

54  12 

1 

1 

Columbus,  Miss . 

481 

56  00 

1 

1 

Covington,  Ky . 

4S8 

55  00 

1 

1 

Cincinnati,  Ohio . 

491 

54  00 

3 

2 

Do . 

491 

54  21 

1 

i 

Meridian,  Miss . 

500 

54  00 

1 

i 

Lockland.  Ohio . 

505 

54  26 

4 

3 

Havre  de  Grace,  Md . 

515 

55  00 

1 

1 

Pittsburgh,  Pa . 

525 

55  00 

1 

1 

New  Castle,  Del  . 

538 

£4  00 

1 

1 

Atlantic  City,  N.  J . 

552 

54  00 

1 

1 

Wooster,  Ohio . 

558 

55  45 

1 

1 

New  Castle,  Pa . 

505 

55  00 

1 

1 

Indianapolis,  Ind . 

581 

55  00 

i 

1 

Memphis,  Tenn .  . 

587 

54  50 

6 

4 

Cairo,  111 . 

588 

53  00 

1 

1 

Meadville,  Pa . 

608 

55  00 

1 

1 

Newark,  N.  J  . . . 

640 

55  00 

1 

1 

Brooklyn,  N.  Y . 

643 

55  00 

1 

1 

New  York,  N.  Y . 

645 

55  15 

2 

1 

Ithaca,  N.  Y . 

696 

55  00 

1 

1 

Manistee,  Mich . 

855 

57  00 

1 

1 
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W e  may  arrange  these  in  groups  or  sets  according  to  their  distances, 
as  was  done  in  the  discussion  of  Group  III,  and  obtain  the  following 
equations  of  condition : 


Miles. 

0  to  89 

x  -f-  59  y  = 

15 

Weight. 

7 

Residuals. 
+  12.29 

103  to  192 

x  +  150  y  — 

69 

4 

—  '7.21 

203  to  252 

x  -f-  234  y  = 

110 

5 

-  16. 37 

405  to  491 . 

x  +  469  y  = 

194 

7 

—  11.29 

500  to  588 

x  +  594  y  = 

209 

16 

+  4.04 

608  to  696 

x  -j-  642  H  — 

237 

5 

+  12.80 

855 

x  -j-  855  y  — 

354 

1 

-  24. 97 

The  normal  equations  are  : 

45  x  +  183315  y  =  7172 
18335  x  +  9567895  y  =  3717233 

From  which  x  =  +  5.0,  y  =  0.379.  The  resulting  speed  is  2.638  4= 
0.105  miles,  or  4245  ±  168  meters'per  second.  If  the  correction  for 
the  systematic  error  has  a  value  approximately  that  which  has  been 
derived  from  the  comparisons  of  the  stopped  clocks  with  well-deter¬ 
mined  times  of  particular  localities,  or  not  less  than  one-fifth  the 
amount,  the  corrected  speed  would  be  from  5,100  to  5,200  meters. 

KESUME. 

We  may  now  proceed  to  combine  the  results  of  the  first  three 
groups  and  obtain  from  them  a  single  mean.  The  probable  error  of 
the  fourth  group  being  uncertain,  it  is  necessary  to  omit  it.  Taking 
the  weights  inversely  as  the  squares  of  the  probable  errors,  we  have  : 


Weight. 

Group  I . 5205m  4-  168m  2 

Group  II . 5192™  +  236m  1 

Group  III . 5171m  +  116m  4 

Mean  result . 5184m  +  80m 


It  remains  to  inquire  whether  the  data  indicate  any  variation  of 
the  speed.  The  answer  is  negative.  The  data  are  inconsistent  with 
any  variation  of  a  systematic  character,  and  there  is  no  apparent 
means  of  detecting  an  unsystematic  one.  A  small  irregular  varia¬ 
tion,  such  as  might  be  caused  by  varying  density  and  elasticity  of  the 
propagating  medium,  would  not  be  inconsistent  with  the  data;  but 
the  evidence  of  it  can  not  be  separated  from  errors  of  observation. 
If  it  be  asked  whether  the  speed  thus  indicated  was  uniform  in  all 
directions,  the  reply  is  affirmative,  though  small  differences  of  speed 
in  different  directions  might  be  possible.  But  such  differences  are 
surely  within  limits  which  are  explicable  by  errors  of  observation. 

This  speed  so  much  exceeds  any  result  hitherto  obtained,  that  some 
critical  remarks  may  be  indulged  in.  A  careful  examination  of  the 
data  will  show  that  their  general  accuracy  and  intrinsic  weight  must 
far  exceed  those  obtained  from  any  preceding  earthquake  ;  and  there 
are  several  excellent  reasons  why  they  should  be  so.  First,  there  is 
the  wide  extent  of  country  over  which  the  shocks  were  felt.  The 
great  earthquakes  of -the  last  two  centuries  have  not  often  occurred 
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in  countries  inhabited  by  people  who  are  careful  observers  of  time  or 
who  have  abundant  means  of  observing  it.  Most  of  them  have  hap¬ 
pened  in  Asia,  in  the  East  India  Islands,  in  South  America,  and  in 
the  West  Indies.  Those  which  have  visited  the  Mediterranean  have 
seldom  made  themselves  felt  more  than  three  or  four  hundred  miles 
from  their  origins,  and  of  those  which  have  been  appreciable  at 
greater  distances  it  is  certain  that  no  good  time  intervals  are  on  rec¬ 
ord.  Second,  the  country  affected  by  the  Charleston  earthquake  is 
well  fdled  by  a  people  who  are  in  the  habit  of  noting  time.  Third, 
and  far  more  significant  than  all,  is  the  universal  use  of  the  standard 
time  system.  It  matters  little  how  numerous  the  time  observations 
may  be  if  there  is  no  check  upon  their  accuracy,  no  governing  source 
and  control  of  the  time.  Until  recently  the  United  States  was  the 
only  country  where  any  such  check  or  means  of  control  was  em¬ 
ployed.  The  supposition  would  be  by  no  means  extravagant  that 
the  number  of  clocks  in  the  United  States  whose  errors  are  less  than 
two  minutes  is  ten  times  greater  since  the  adoption  of  the  standard 
time  system  than  it  was  before.  The  time-keeping  of  the  people  at 
large  before  the  adoption  of  the  standard  system  was  doubtless  as 
good  as  that  of  any  other  people.  Since  its  adoption  the  time-keep¬ 
ing  has  been  immeasurably  improved. 

In  other  earthquakes  the  only  time  data  which  seem  to  me  worthy 
of  a  moment's  consideration  are  those  obtained  from  astronomical 
clocks,  or  from  clocks  which  were  regulated  by  astronomical  sources 
in  a  most  careful  and  unusual  manner.  Such  clocks,  even  jn  western 
Europe,  must  have  been  exceedingly  rare  until  within  the  last  twenty- 
five  years,  or  within  such  time  as  the  use  of  the  telegraph  lias  be¬ 
come  universal.  I  am  disposed  therefore  to  reject  as  of  no  value 
all  estimates  of  the  speed  of  earthquakes  made  prior  to  1865.  The 
experience  gained  in  dealing  with  the  time  data  of  the  Charleston 
earthquake  has  satisfied  me  that  no  single  observation  can  be  trusted 
to  give  a  result  with  a  probable  error  less  than  the  result  itself. 
Observations  which  seem  to  fulfill  all  the  demands  of  technical  evi¬ 
dence,  made  by  persons  whose  intelligence  and  veracity  no  one 
would  presume  to  question,  and  circumstantial  in  every  material 
respect,  are  frequently  found  to  be  hopelessly  inconsistent  with  each 
other.  Only  when  taken  in  large  numbers  and  subjected  to  the  cor¬ 
rections  by  least  squares  do  any  consistent  and  satisfactory  results 
appear.  The  great  strength  and  highly  convincing  character  of  the 
Charleston  data  consist  in  the  large  number  of  observations  and  the 
small  range  of  error  arising  from  the  use  of  the  standard  time  sys¬ 
tem.  After  a  careful  study  of  the  estimates  made  of  the  speed  of 
propagation  in  other  earthquakes,  I  have  no  hesitation  in  expressing 
the  belief  that  all  others  that  have  ever  been  made  and  published 
hitherto  possess  much  less  weight  than  the  data  obtained  from  the 
Charleston  earthquake. 
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Another  circumstance  which  lends  additional  weight  to  the  result 
is  the  approximate  agreement  of  the  deduced  speed  with  that  which 
theory  indicates  as  belonging  to  the  movement  of  elastic  waves  in  an 
indefinitely  extended  solid  mass  of  siliceous  material.  Although 
the  number  of  experimental  measurements  of  the  coefficients  of 
elasticity  in  the  siliceous  or  glassy  materials  is  not  so  great  as  is  de¬ 
sirable,  enough  of  them  have  been  made  to  indicate  pretty  decisively 
the  limits  within  which  these  elasticities  (and  consequent  speeds  of 
wave  motion)  vary.  These  speeds  for  normal  waves  must  range 
from  15,500  to  18,000  feet  per  second  in  siliceous  material,  and  of 
such  material  we  have  good  reason  to  believe  the  earth  is  composed 
within  a  hundred  miles  at  least  of  its  surface.  Thoroughly  compact 
and  continuous  by  reason  of  vast  pressure,  these  deeply  buried  layers 
transmit  the  energy  of  the  shock  with  little  loss  and  with  a  speed 
differing  not  appreciably  from  that  due  to  their  elasticity  and  den¬ 
sity. 

The  experimental  measurements  of  the  speed  of  artificial  tremors 
in  the  ground  made  by  Mallet,  and  again  by  Milne,  in  Japan,  are  not 
comparable  with  the  true  earthquake.  It  is  not  to  be  expected  that 
the  superficial  layers  of  the  earth  will  transmit  the  waves  with  so 
high  a  speed  as  the  deeper  layers;  for  their  elasticity  must  be  very 
much  less.  Indeed,  we  should  not  be  surprised  to  find  the  speed  in 
unconsolidated  or  discontinuous  material  many  times  smaller,  as 
the  measurements  of  Mallet  and  Milne  seem  to  indicate. 


CHAPTER  VIII. 

THE  NATURE  AND  MECHANISM  OF  WAVE  MOTION. 


As  this  work  is  designed  for  a  larger  class  of  readers  than  those 
who  have  made  earthquakes  a  special  subject  of  investigation,  it  is 
thought  fitting  to  write  a  chapter  or  two  upon  the  nature  of  earth¬ 
quake  movements  as  viewed  in  the  light  of  theoretical  science. 
The  subject  is  a  difficult  one  to  present  in  such  a  manner  as  to  be  in¬ 
telligible  to  general  readers  of  science,  but  an  attempt  to  render  it  so 
will  be  made. 

In  common  parlance,  the  impulses  which  proceed  from  a  center  of 
seismic  disturbance  are  spoken  of  as  waves.  The  same  word  is  used 
in  the  same  sense  by  the  scientific  investigator.  Similarly,  the 
motions  of  water  are  called  waves;  and  we  speak  of  sound  as  waves 
in  the  air;  or  of  light  as  waves  in  a  conjectural  medium  filling 
all  space.  These  phenomena  differ  widely  from  each  other  in  many 
respects.  What  have  they  in  common  which  warrants  a  common 
name  ? 

The  only  kind  of  wave  motion  which  is  presented  to  our  conscious¬ 
ness  is  in  the  form  of  a  visible  image;  in  other  words,  the  only  in¬ 
stances  in  which  we  see  a  body  of  matter  in  the  act  of  undulating 
are  waves  in  liquids.  With  these  every  one  is  familiar.  But  the 
waves  of  the  air  which  result  in  sound,  the  waves  of  the  ethereal 
medium  which  produce  light,  are  never  seen  in  the*  sense  in  which 
we  see  the  waves  of  the  ocean.  They  are  inferred  by  reason  only.  It 
is  so  with  the  true  earthquake  wave.  It  is  never  seen,  however  pow¬ 
erfully  it  may  be  felt.  Those  visible  waves  of  the  surface  of  the 
ground  which  have  been  so  frequently  testified  to  in  Charleston  and 
in  other  great  earthquakes  are  not  the  waves  which  the  seismologist 
has  in  mind,  though  they  must  of  course  be  secondary  effects  of 
them. 

The  waves  which  we  see  in  water  differ  greatly  in  their  nature 
from  the  sound  waves  in  the  air  and  from  those  of  the  earth  which 
constitute  the  earthquake.  The  forces  called  into  play  and  the  mo¬ 
tions  set  up  in  the  waving  masses  are  very  different.  Let  us  first 
consider  the  wave  upon  the  surface  of  a  body  of  water.  If  a  pebble 
be  dropped  into  a  smooth  pool  or  lake  the  water  is  displaced.  Being 
driven  away  from  the  immersing  stone,  it  escapes  in  the  direction  of 
lines  of  least  resistance.  These  lines  are  obliquely  upwards  around 
the  periphery  of  the  pebble.  The  result  is  that  a  circlet  of  water  is 
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raised  around  tlie  pebble  as  it  is  being  immersed.  The  force  of  ter¬ 
restrial  gravitation  is  at  once  called  into  action,  and  tends  to  restore 
the  water  to  its  original  level.  The  motion  of  each  particle  of  water 
thereafter  is  the  resultant  of  two  forces;  that  derived  from  the  origi¬ 
nal  impulse,  and  the  force  of  gravitation.  It  will  be  seen  by  a  mo¬ 
ment’s  reflection  that  the  action  of  the  original  impulse  is  outwards, 
or  radially  away  from  the  center  of  impulse,  and  the  particles  of 
water  are  impelled  against  other  particles  outside  of  the  ring  of  dis¬ 
turbance.  Thus  the  impulse  is  propagated  ever  outwards  and  away 
from  the  origin. 

The  sound  wave  is  of  a  different  nature.  This  would  be  suggested 
at  once  by  the  fact  that  the  water  wave  just  described  is  a  phenomenon 
affecting  the  surface,  and  those  layers  of  water  near  the  surface,  of 
the  pool ;  while  the  sound  wave  affects  the  air  in  every  direction,  and 
equally  at  equal  distances  from  the  origin.  The  force  called  into 
action  is  not  gravitation,  but  the  elastic  force  of  the  air  itself.  The 
vibrating  reed,  which  may  for  instance  be  the  first  source  of  the 
sound,  imparts  motion  to  the  particles  of  air  in  contact  with  the 
reed,  producing  a  slight  compression  in  an  envelope  of  surrounding 
air.  This  compression  increases  the  elastic  force  or  tension  of  the 
air,  which  reacts  upon  the  reed  and  also  upon  the  second  envelope 
surrounding  the  first.  The  second  envelope  acts  upon  the  third,  and 
so  on  indefinitely.  But  it  is  desirable  to  consider  in  some  detail  the 
essential  characteristics  of  sound  waves  in  air,  because  they  embrace 
in  a  simpler  form  certain  motions  which  are  presented  in  a  more 
complex  form  by  waves  in  solid  bodies,  of  which  earthquake  tremors 
are  examples. 

Of  the  various  concepts  which  may  be  formed  of  the  ultimate  con¬ 
stitution  of  matter,  that  one  which  regards  it  as  consisting  of  par¬ 
ticles  separated  by  equal  or  symmetrical  intervals  and  held  in  their 
relative  positions  by  forces  inherent  in  the  particles  themselves  suffi¬ 
ciently  meets  the  present  requirements.  So  far  as  regards  fluids, 
these  inherent  ^forces  may  be  considered  as  mere  repulsions,  the  inten¬ 
sity  of  which  diminishes  as  the  distance  between  particles  increases. 
Upon  these  assumptions,  suppose  the  air  to  be  acted  upon  by  a  vibrat¬ 
ing  reed :  The  particles  of  air  in  contact  with  the  advancing  side  of 
the  reed  are  suddenly  projected  towards  the  adjacent  particles  out¬ 
side  of  them.  In  consequence  of  the  property  of  inertia  inherent 
in  all  matter,  the  distance  between  two  consecutive  layers  of  air  is 
diminished  and  the  repulsive  forces  between  them  correspondingly 
increased.  But  the  increased  force,  acting  upon  the  second  layer, 
drives  it  towards  the  third,  thus  advancing  or  propagating  the 
disturbance  from  layer  to  layer  indefinitely. 

But  as  the  increased  repulsive  force  due  to  the  diminished  interval 
tends  to  repel  the  second  particle,  so  also  by  reaction  does  it  tend  to 
retard  the  forward  motion  of  the  first  particle,  bringing  it  to  rest  or 
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perhaps  driving  it  back  to  its  original  place.  In  any  event  the 
change  of  interval  is  momentary  and  the  original  interval  is  quickly 
resumed.  Two  cases  may  he  considered,  one  of  which  is  unreal, 
though  in  a  certain  sense  imaginable,  the  other  real  or  actually 
occurring  in  nature.  The  unreal  case  may  be  discussed  in  order  to 
render  the  real  case  more  clear. 

If  the  second  particle  be  conceived  of  as  being  held  rigidly  in  its 
place  while  the  first  particle  is  impelled  towards  it,  the  reaction  or 
elastic  force  would  drive  the  latter  back  through  and  beyond  its 
original  position.  Imagining  a  third  particle  situated  as  far  to  the 
left  of  the  initial  position  of  the  first  particle  as  the  second  is  to  the 
right  of  it ;  also  imagining  this  third  particle  to  be  incapable  of  dis¬ 
placement,  then  the  recoil  of  the  first  particle  through  its  original 
position  towards  the  third  would  produce  a  second  elastic  reaction 
symmetric  with,  but  in  inverse  direction  to,  the  first.  Thus,  under 
the  conditions  supposed,  the  first  particle,  once  displaced,  wrould 
continue  to  vibrate  back  and  forth  forever.  But  if  the  second  par¬ 
ticle,  instead  of  being  held  rigidly  in  place,  is  free  to  move  under 
an  impulse  in  the  same  way  as  the  first,  the  elastic  reaction  will 
simply  drive  the  first  particle  back  to  its  initial  position,  where  it 
will  come  to  final  rest.  The  second  particle  will  perform  a  single 
oscillation  like  the  first  and  also  come  to  rest ;  but  in  respect  to  time 
its  movements  will  be  a  little  later  than  those  of  the  first,  though 
repeating  them  phase  by  phase.  Similarly  also  the  third,  fourth, 
and  remoter  particles ;  but  in  proportion  as  any  particle  is  more  and 
more  remote  from  the  first,  in  the  same  proportion  will  its  move¬ 
ments,  though  similar  in  configuration,  be  later  in  respect  to  time. 

Conceive  now  a  remote  particle  so  situated  that  when  the  first 
particle  has  just  completed  its  oscillation  the  remote  one  has  just 
received  the  transmitted  impulse,  and  therefore  has  just  begun  its 
oscillation.  The  distance  between  such  a  particle  and  the  first  con¬ 
stitutes  a  wave  length.  The  rectilinear  distance  which  measures  the 
extreme  displacement  of  any  one  particle  is  called  its  amplitude. 
A  wave  may  have  any  wave  length  great  or  small  or  any  amplitude, 
and  both  of  these  quantities  will  depend  mainly  upon  the  nature  of 
the  originating  impulse. 

But  in  any  one  homogeneous  medium  the  rate  of  propagation  of  an 
elastic  wave  will  be  (subject  to  a  qualification  to  be  men  ioned)  uni¬ 
form  for  all  amplitudes  and  all  wave  lengths.  This  important  fact  is 
demonstrated  by  experiment,  but  the  theoretical  explanation  of  it 
can  be  made  intelligible  only  by  the  aid  of  mathematical  analysis  and 
only  to  those  who  are  thoroughly  familiar  with  the  fundamental  laws 
of  force  and  motion.  In  general  terms,  however,  it  may  be  said  that 
the  speed  with  which  an  impulse  is  propagated  through  an  elastic 
medium  depends  upon  two  properties  :  First,  the  elasticity  of  the  me¬ 
dium  or  degree  of  force  which  its  particles  exert  upon  each  other. 
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Second,  the  resistance  which  by  virtue  of  their  inertia  the  particles 
offer  to  the  reception  of  impressed  motions.  But  since  the  inertia  of 
a  particle  is  proportional  to  its  mass,  and  since  the  density  of  a  given 
volume  of  matter  is  also  proportional  to  the  mass  of  its  particles,  we 
may  substitute  density  for  inertia,  and  say  that  the  rate  of  propaga¬ 
tion  is  dependent  upon  the  elasticity  directly  and  upon  the  density 
inversely.  The  law  deduced  by  theory  and  confirmed  by  experiment 
is  that  the  rate  of  propagation  is  proportional  to  the  square  root  of 
the  quotient  of  elasticity  divided  by  density.  For  ordinary  sound 
vibrations  this  quotient  is  very  nearly  constant.  But  it  is  not  strictly 
so.  An  impulse  producing  a  compression  of  the  medium  also  gener¬ 
ates  heat,  which  causes  an  additional  increase  of  elastic  force  among 
the  particles  subject  to  compression,  and  this  tends  to  increase  the 
rate  of  propagation.  But  in  sounds  of  moderate  intensity  the  incre¬ 
ment  of  elastic  force  by  heat  usually  bears  a  very  small  ratio  to  the 
original  elasticity,  and  it  is  only  when  the  impulses  and  resulting 
compressions  are  of  considerable  magnitude  that  they  produce  a 
sensible  increase  of  the  rate  of  propagation. 

A  wave  in  an  elastic  fluid  is  propagated  in  all  directions  away 
from  its  origin.  It  is  the  continuously  expanding  locus  of  movement 
among  the  particles  of  the  medium.  Its  form  is  a  spherical  shell 
surrounding  its  origin  as  a  center.  The  thickness  of  this  shell  is  the 
wave  length.  The  distance  to  and  fro  which  any  particle  of  this 
shell  traverses  is  the  amplitude.  As  the  spherical  shell,  including 
the  wave,  expands,  its  thickness,  and  therefore  the  wave  length,  re¬ 
mains  the  same,  but  the  amplitude  diminishes  in  the  same  ratio  that 
the  radius  of  the  shell  increases. 

The  direction  of  motion  of  any  particle  subject  to  the  wave  is  co¬ 
incident  with  the  direction  of  propagation,  i.  e.,  to  and  from  the 
origin  of  the  wave.  In  a  fluid  medium  that  particle  cannot  vibrate 
transversely  to  the  direction  of  propagation ;  for  the  force  which 
determines  the  motion  of  a  particle,  a,  arises  from  the  compression 
of  the  medium  within  the  shell,  causing  a  greater  degree  of  elasticity 
than  exists  without  the  shell.  The  difference  of  the  two  elasticities 
is  the  motive  force,  whose  direction  must  be  from  the  greater  to¬ 
wards  the  less  ;  but  in  the  directions  from  a  to  b  and  from  a  to  c 
there  is  no  difference  of  elasticity,  therefore  no  resultant  motive 
force,  and  the  particles  a,  b,  and  c  are  all  urged  in  a  direction  normal 
to  the  surface  of  the  shell. 

So  far  as  concerns  the  general  character  of  motion  and  the  general 
configuration  of  the  wave,  there  is  no  essential  difference  between 
an  elastic  wave  in  a  gas  and  one  in  a  liquid.  But  the  elasticities  of 
liquids  are  far  greater  in  degree  than  those  of  gases  To  appreciate 
the  difference  it  may  be  well  to  state  distinctly  what  is  understood 
by  the  term  elasticity.  It  may,  so  far  as  concerns  fluids,  be  defined  as 
the  resistance  which  the  fluids  offer  to  a  change  of  volume  by  the 
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application  of  external  forces.  The  elastic  force  of  gases  is  a  familiar 
phenomenon,  but  the  elastic  force  of  liquids  is  not  often  experienced 
in  such  a  manner  as  to  be  similarly  appreciated.  But  a  liquid,  for 
example  water,  is  susceptible  of  compression  by  external  pressure  in 
precisely  the  same  manner  as  air.  The  compressive  force,  however, 
which  is  required  to  effect  a  given  reduction  of  volume  is  enormously 
greater  in  water  than  in  air;  being  in  fact  (at  62°  F . )  nearly  22,000  times 
as  great.  But  the  density  of  water  is  about  773  times  as  great  as  air. 
Hence,  if  the  law  governing  the  rate  of  propagation  be  as  already 
stated,  the  rate  in  water  should  be  to  that  in  air  as  5.32: 1,  or  as  about 
54  to  1.  It  is  known  by  experiment  to  be  a  little  more  than  four 
times  as  great.  The  discrepancy,  however,  is  readily  accounted  for. 

Here  we  may  note  the  fact  that  two  very  distinct  kinds  of  waves 
may  occur  in  water  :  First,  those  visible  waves  of  the  surface  which 
invoke  the  action  of  gravitation  upon  those  portions  of  the  water 
which  are  disturbed  from  the  general  level.  Second,  those  waves 
which  are  produced  by  some  impact  or  vibration  of  bodies  immersed, 
causing  a  disturbance  which  calls  forth  the  action  of  the  elastic 
force  inherent  in  the  molecular  constitution  of  the  water.  These 
latter  waves  differ  in  no  essential  respect  from  sound  waves  in  air. 

Waves  in  solid  media  involve  considerations  which  are  much  more 
complex.  They  embrace  all  those  which  apply  to  waves  in  fluids 
and  a  group  of  additional  ones  quite  as  extensive  and  even  more  dif¬ 
ficult  and  complex.  It  still  remains  true,  however,  that  the  motions 
set  up  by  waves  in  solid  bodies  are  those  which  involve  only  two  re¬ 
lated  forces;  the  elasticity  of  the  medium  and  its  inertia.  In  the 
case  of  gases,  we  conceive  of  elasticity  as  that  innate  force  by  virtue 
of  which  the  gas  tends  to  expand  either  indefinitely  or  to  some  vol¬ 
ume  and  density  at  which  the  internal  elastic  force  is  in  equilibrium 
with  the  external  forces  acting  upon  it.  In  the  case  of  liquids,  we 
conceive  of  it  as  being  that  innate  force  by  virtue  of  which  the 
liquid  resists,  being  compressed  by  external  forces  into  a  volume 
smaller  than  some  specific  volume.  But,  as  applied  to  solids,  the 
notion  of  elasticity  must  be  amplified  by  the  addition  of  two  distinct 
concepts  which  either  do  not  exist  or  at  least  are  not  apparent  in  gases 
or  liquids.  Solid  bodies  resist  elastically  any  external  forces  tending 
to  compress  them  into  a  volume  smaller  than  some  specific  volume; 
and  thus  far  the  conception  of  elasticity  is  common  to  both  solids  and 
liquids.  But  solids  also  resist  any  external  force  tending  to  expand 
them  into  a  volume  larger  than  some  specific  volume.  We  do  not 
know  that  any  such  elasticity  characterizes  either  liquids  or  gases, 
unless  the  cohesion  known  to  exist  in  liquids  may  be  regarded  as 
manifesting  it.  Another  highly  important  form  of  elasticity  peculiar 
to  solids  is  that  force  by  which  they  resist  a  change  of  form  inde¬ 
pendently  of  any  change  of  volume.  This  kind  of  elasticity  is  wholly 
wanting  in  fluids;  indeed,  it  is  the  absence  of  it  which  constitutes 
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the  distinction  between  fluids  and  solids.  They  offer  no  resistances 
to  free  movements  of  molecules,  among  themselves,  except  a  peculiar 
form  of  resistance  known  as  viscosity,  which  is  devoid  of  the  essen¬ 
tial  features  of  elasticity  and  is  usually  conceived  of  as  a  kind  of 
friction  among  the  molecules. 

The  elastic  resistance  which  solids  offer  to  expansive  forces  may 
be  regarded  as  homologous  with  that  which  they  offer  to  compres¬ 
sion,  and  the  only  difference  is  in  respect  to  direction.  There  remain, 
then,  two  distinct  kinds  of  elasticity  in  solids,  one  of  which  is  the 
resistance  to  a  change  of  volume,  the  other  to  a  change  of  form. 
The  first  is  usually  termed  the  elasticity  of  volume,  the  second  elas¬ 
ticity  of  form. 

That  all  solids  possess  elasticity  of  volume — that  they  are  capable 
of  being  compressed  into  smaller  volumes  by  external  pressure — has 
never  been  directly  proven  by  experiment.  But  no  physicist  seri¬ 
ously  doubts  that  they  are  capable  of  such  compression,  though  the 
force  required  to  effect  a  sensible  amount  of  it  must  be  many  times 
greater  than  that  required  to  effect  an  equal  compression  in  liquids; 
nor  is  it  doubted  that  the  resistance  offered  is  truly  elastic  and  of 
the  same  general  nature  as  that  offered  by  liquids  and  gases.  It  is 
elasticity  of  form  that  we  are  most  familiar  with.  The  steel  spring, 
the  vibrating  reed,  the  billiard  ball,  and  the  bell  are  common  exam¬ 
ples  of  it. 

If,  then,  solid  bodies  have  two  distinct  kinds  of  elasticity,  we  may 
infer  that  they  are  capable  of  transmitting  two  kinds  of  waves,  one 
depending  on  their  elasticity  of  volume,  the  other  upon  their  elas¬ 
ticity  of  form.  We  may  conceive  of  a  wave  in  a  solid  which  may 
involve  the  action  of  elasticity  of  volume  alone.  For  example, 
imagine  an  indefinitely  extended  elastic  homogeneous  solid  and  at 
some  place  within  it  a  small  spherical  cavity  filled  with  an  explosive 
substance.  Imagine  this  substance  to  be  exploded  in  such  a  manner 
that  the  suddenly  generated  forces  act  radially  outwards  and  with 
uniform  intensity  against  every  point  of  the  surface  of  the  cavity. 
The  enveloping  medium  being  compressed  uniformly,  an  elastic 
wave  would  be  generated  differing  in  no  essential  respect  from  an 
elastic  wave  in  water  or  in  air.  Its  propagation  and  the  motions 
or  vibrations  of  its  constituent  particles  would  be  essentially  the 
same.  We  may  also  conceive  of  a  wave  in  a  solid  which  may  in¬ 
volve  the  action  of  its  elasticity  of  form  alone.  A  bar  of  steel  sub¬ 
jected  suddenly  to  a  stress  of  pure  torsion  is  a  case  in  point.  Or, 
again,  conceive  of  a  circular  saw  with  its  teeth  held  against  some 
obstacle  which  prevents  its  rotation.  Imagine  a  sudden  rotary  force 
applied  to  the  axle.  It  would  generate  a  wave  of  distortion  in  the 
disk  of -the  saw,  which  would  propagate  itself  in  expanding  circles 
to  the  periphery.  In  the  twisted  bar  and  in  the  saw  no  change  of 
volume  would  take  place,  but  only  a  change  in  the  configuration  of 
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the  component  molecules  of  the  metal.  This  change  of  configuration 
among  the  particles  is  resisted  elastically  by  two  forces  :  First, 
the  inertia  of  the  particles  ;  second,  by  the  innate  forces  of  the  par¬ 
ticles,  which  (in  solids  alone)  tend  to  hold  the  particles  in  their  posi¬ 
tions  relatively  to  each  other.  The  disturbance  is  propagated  from 
layer  to  layer  away  from  its  origin  in  a  manner  analogous  in  many 
respects  to  that  of  a  wave  of  compression.  But  there  are  other 
respects  in  which  the  two  kinds  of  waves  differ.  In  the  wave  of 
compression  the  direction  of  vibratory  movement  of  the  particles 
is  to  and  from  the  origin  of  the  wave  and  coincident  with  the  direc¬ 
tion  of  wave  propagation.  In  the  wave  of  distortion  the  motion  of 
the  vibrating  particles  is  transverse  to  the  direction  of  propagation. 
The  wave  of  compression  is  usually  termed  the  normal  wave,  be¬ 
cause  the  direction  of  vibration  in  the  particle  is  normal  to  the  sur¬ 
face  of  the  spherical  shell  which  at  any  instant  contains  the  wave. 
The  wave  of  distortion  is  usually  termed  the  transverse  wave,  because 
the  motion  of  the  particle  is  transverse  to  the  radius  of  the  spherical 
shell  or  to  the  direction  of  the  line  of  propagation. 

The  cases  which  have  been  suggested  of  pure  normal  waves  (of 
compression)  in  solids  on  the  one  hand  and  of  pure  transverse  waves 
(of  distortion)  on  the  other  are  rather  ideal  than  real.  The  incident 
forces  or  impacts  to  which  solid  bodies  are  subject  in  the  real  occur¬ 
rences  of  nature  are  usually  such  as  initiate  both  compressions  and 
distortions,  and  generate  at  once  both  normal  and  transverse  vibra¬ 
tions  in  the  particles  of  the  medium.  A  few  special  cases  may  be 
suggested  in  which  certain  bodies  of  definite  forms  might  in  reality 
be  subjected  to  forces  producing  distortion  without  any  sensible 
amount  of  compression  and  thus  generate  pure  transverse  waves. 
The  torsion  of  a  rod  of  metal  approximates  to  the  conditions  neces¬ 
sary  for  a  pure  transverse  wave.  But  it  is  difficult  and  perhaps  im¬ 
possible  to  conceive  of  any  real  source  of  pure  normal  waves.  We 
are  required,  therefore,  to  consider  waves  in  solids  under  the  twofold 
aspect  of  normal  and  transverse  vibration.  Here  the  difficulty  of 
conception  greatly  increases. 

It  may  aid  us  in  the  endeavor  to  grasp  this  complex  idea  if  we 
recur  to  the  familiar  motions  of  water  upon  the  surface  of  the  ocean. 
Here  we  observe  a  commingling  of  many  undulations  of  widely 
varying  wave  lengths  and  amplitudes,  and  though  there  is  a  pre¬ 
dominant  direction  of  propagation  there  is  also  much  divergence  of 
direction.  The  speed  of  propagation  also  varies,  being  greater  in 
the  large  waves  and  less  in  the  small  ones.  Howsoever  the  motions 
due  to  different  waves  may  combine — here  one  or  more  undulations 
uniting  for  an  instant  into  a  single  one,  there  interfering  and  for  a 
moment  destroying  each  other’s  motion — every  wave  preserves  its  in¬ 
dividuality.  This  is  never  lost;  though  for  a  moment,  as  two  waves 
occupy  the  same  space,  it  may  vanish  from  the  vision  of  the  spectator. 
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it  quickly  reappears,  and  each  wave  separates  itself  unimpaired  and  as 
distinct  as  before.  The  double  wave  set  up  in  elastic  solids  by  natural 
forces  of  impact  or  otherwise  may  consist  at  the  initial  moment  of  a 
single  vibration  of  each  affected  particle,  the  direction  of  vibration 
being  compounded  of  a  normal  motion  and  a  transverse  one.  This 
arises  from  the  fact  that  the  rate  of  propagation  of  normal  vibrations 
differs  from  that  of  transverse  ones  in  the  same  solid  medium. 

We  have  seen  that  the  rate  of  propagation  of  an  impulse  depends 
upon  the  inertia  of  the  particles  (or  what  is  equivalent,  the  density 
of  the  medium)  and  the  elasticity.  But  elasticity  may  be  measured 
by  the  amount  of  force  required  to  effect  a  given  displacement  of 
particles  relatively  to  each  other.  There  are  two  kinds  of  displace¬ 
ment  to  be  considered  ;  one  involving  a  change  in  the  mean  value  of 
the  intervals  between  particles  irrespective'  of  any  change  in  their 
relative  configuration  ;  the  other  involving  a  change  of  configuration 
without  change  in  the  mean  value  of  the  intervals.  With  equal  dis¬ 
placement,  the  force  required  to  effect  the  first  kind  is  greater  than 
that  required  to  effect  the  second.  That  is  to  say,  the  elasticity  of 
volume  of  a  solid  exceeds  its  elasticity  of  form.  Since  the  speed  of 
propagation  of  a  normal  wave  must  depend  upon  its  elasticity  of  vol¬ 
ume  and  the  speed  of  a  transverse  wave  upon  the  elasticity  of  form, 
it  follows  that  the  former  will  be  propagated  more  rapidly  than  the 
latter.  Thus  the  wave  of  transverse  vibration  must  lag  behind  the 
wave  of  normal  vibration,  and  the  two  motions,  though  they  may 
in  the  beginning  have  been  combined,  must  immediately  separate. 

We  may  further  aid  our  conceptions  by  another  illustration. 
Taking  again  the  imaginary  case  of  a  spherical  cavity  within  a 
homogeneous  solid,  suppose  a  rapid  succession  of  explosions  to  occur, 
each  generating  a  pure  normal  wave.  After  a  time  imagine  some 
arbitrary  force  applied  to  the  surface  of  the  cavity  in  such  a  manner 
as  would  tend  to  produce  a  rotation  of  the  hollow  sphere  around  any 
axis.  Let  this  force  be  applied  and  withdrawn  repeatedly  in  rapid 
succession.  Pure  transverse  waves  would  be  generated  which  would 
be  superposed  upon  the  normal  ones,  and  they  would  be  propagated 
independently  of  the  latter.  Their  distinctness  and  individuality 
would  be  preserved  as  certainly  as  those  of  water  waves,  and  they 
would  be  propagated  at  their  own  rate,  depending  upon  the  elasticity 
of  form  only,  while  the  normal  waves  would  travel  with  a  speed 
dependent  upon  the  higher  elasticity  of  volume.  All  natural  or  real 
impacts  upon  solid  bodies  evoking  elastic  resistance  involve  both 
compression  and  distortion,  and  though  the  compound  action  must 
generate  a  compound  wave  of  compression  and  distortion  at  the  first 
instant,  the  separation  of  the  two  elements  is  inevitable. 

The  speed  of  wave  propagation  in  solids  is  in  general  much 
greater  than  in  liquids.  This  is  because  the  ratio  of  elasticity  to 
density  is  generally,  if  not  always,  much  greater.  So  great  is  the 


398 


THE  CHARLESTON  EARTHQUAKE. 


volume  elasticity  of  solids,  tliat  it  is  extremely  difficult  to  measure. 
In  fact,  it  never  has  been  measured  directly  in  any  solid.  But  we 
have  a  theoretical  law  governing  the  relation  between  elasticity  of 
volume  and  elasticity  of  form,  and  approximate  measurements  of  the 
latter  have  been  made,  so  that  knowing  by  experiment  the  value  of 
the  one  the  other  can  be  computed  from  it. 

The  propagation  of  a  normal  wave  in  an  indefinitely  extended 
mass  of  steel  has  never  been  directly  measured.  In  a  steel  bar  it  has 
been  ascertained  to  be  nearly  17,000  feet  per  second;  from  which  the 
computed  speed  in  an  indefinitely  extended  mass  is  about  21,000  feet 
per  second.1  We  could  also  compute  the  rate  in  any  other  substance 

1  The  speed  of  a  transverse  wave  is  proportional  to  the  square  root  of  the  elastic¬ 
ity  of  form  only  and  is  independent  of  elasticity  of  volume  ;  but  the  speed  of  the 
normal  wave  depends  upon  both.  For  if  BADE  be  a  portion  of  the  spherical  shell 
of  a  normal  wave,  in  which  D/eE  is  the  amount  of  compression,  it  will  be  seen  that 
the  matter  contained  in  BA/e  has  been  subject  not  only  to  change  of  volume,  but 
also  to  change  of  form.  It  resists  the  compression 
therefore  by  virtue  of  both  elasticities.  If  K  be  the 
elasticity  of  volume  and  n  that  of  form,  it  can  be  proven 
that  the  elastic  resistance  will  be  proportional  to  ( K 
+  i  n).  The  above  case  supposes  the.  wave  to  traverse 
a  solid  extending  indefinitely  in  all  directions.  Take  c 
the  case  of  a  loug.square  bar  of  steel.  Let  BADE  be  Fig.  40. 

a  portion  whose  length  bears  a  small  ratio  to  the  wave  length.  When  the  wave  is 
passing  it  a  compression  takes  place  in  such  manner  that  DE  is  forced  nearer  to  AB 
or  to  de.  Bin  the  four  sides  of  the  parallelopipedon  are  also  bulged  out.  Here,  too, 
both  elasticities  are  called  into  action.  But  the  conditions  differ  from  those  of  the 
first  case.  In  the  indefinite  solid  no  lateral  bulging  can  occur,  because  the  metal 
surrounding  the  mass  laterally  is  equally  strained  and  equilibrates 
A  the  lateral  bulging  tendency.  It  can  be  proven  that  in  the  steel 

9  K  n 

bar  the  total  elastic  resistance  is  — — - .  This  is  the  expres- 

6  K  -f  n 

—  sion  for  what  is  termed  “  Young’s  modulus.”  It  is  the  quantity 
usually  ascertained  by  subjecting  specimens  of  metal  to  a  longi¬ 
tudinal  pull  or  thrust  in  a  testing  machine.  It  does  not,  however,  give  us  either  of 
the  elasticities  alone.  To  ascertain  them  it  is  necessary  to  find  one  by  some  process 
which  halls  into  action  that  particular  elasticity  and  not  the  other.  No  practicable 
way  has  ever  been  devised  for  satisfactorily  measuring  pure  elasticity  of  volume. 
But  elasticity  of  form  can  be  measured.  The  usual  way  is  by  subjecting  cylindric 
rods  or  wires  to  torsion  and  measuring  the  force  required  to  produce  a  certain  amount 
of  it.  Torsion  appears  to  involve  no  change  of  volume,  at  least  in  small  amounts 
of  twist.  The  difficulties,  however,  are  considerable.  Having  found  the  elasticity 
of  form,  we  may  substitute  its  value  in  Young’s  modulus  and  derive  the  elasticity 
of  volume.  The  proofs  of  these  statements  may  be  found  in  Thomson  and  Tait’s 
Natural  Philosophy,  and  a  summary  is  given  by  Sir  W.  Thomson  in  the  Encyclopedia 
Britannica,  article  Elasticity.  The  same  result  is  differently  reached  by  Lame  in 
his  beautiful  and  profound  work  Theorie  de  l'Elasticite.  Thomson’s  proof  is  suited 
only  to  advanced  scholars.  It  has,  however,  been  amplified  and  simplified  by  Bal¬ 
four  Stewart  and  Gee,  and  made  more  intelligible  to  those  versed  in  the  elements 
of  mathematics  and  physics  in  their  excellent  little  book,  Lessons  in  Elementary 
Practical  Physics.  Macmillan  &  Co.  1885. 
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if  we  knew  its  two  elasticities  and  its  density.  Thus  the  elasticities 
of  various  kinds  of  glass  have  been  measured;  also  of  iron,  copper, 
and  brass,  from  which  the  wave  speeds  can  be  roughly  computed. 
In  the  case  of  glass,  the  speed  of  a  normal  wave  in  an  indefinitely 
extended  mass  is  computed  to  range  between  16,500  and  17,500  feet 
per  second;  and  in  hard  copper  to  be  about  16,500  feet,  and  in  brass 
about  15,000  feet  per  second. 

Hitherto  the  discussion  has  implied  that  the  medium  which  trans¬ 
mits  waves  is  homogeneous.  It  is  now  necessary  to  examine  the 
meaning  of  the  word  “homogeneous,”  in  order  to  see  how  much  it 
implies  and  what  qualifications  of  its  meaning  have  to  be  considered. 
Its  usual  meaning  is  a  perfect  likeness  of  all  the  parts  of  a  body  in 
respect  to  physical  properties  when  the  smallest  parts  considered  are 
of  sensible  size. 

If  matter  be  composed  of  discrete  molecules  and  atoms,  and  if  we 
were  to  consider  parts  so  small  that  they  embraced  only  a  small  num¬ 
ber  of  molecules,  no  body  could  be  /regarded  as  homogeneous,  for 
the  molecules  would  be  unlike  the  interstitial  spaces  around  them. 

Rigorously  speaking,  homogeneous  bodies  do  not  occur  in  nature, 
though  some  substances,  especially  liquids,  may  be  regarded  as  being 
so  nearly  so,  that  no  material  error  would  be  involve  1  in  considering 
them  perfectly  homogeneous.  Most  solids  are  far  from  homogene¬ 
ous,  but  a  considerable  number,  especially  crystals,  approach  that 
condition.  There  are,  however,  some  considerations  connected  with 
crystalline  bodies  and  some  others  which  are  of  importance,  and  which 
lead  to  some  qualification  of  the  idea  of  homogeneity.  When  crys¬ 
tals  arp  subjected  to  any  incident  forces  the  result  depends  upon  the 
direction,  with  respect  to  the  principal  axes  in  which  the  forces  are 
applied.  Passing  over  their  behavior  with  respect  to  heat,  their 
cleavage,  and  their  optical  properties,  we  know  that  their  elasticities 
differ  in  different  directions  relatively  to  their  axes.  But  this  does 
not  imply  any  defect  of  homogeneity,  for  these  qualities  are  shared 
equally  by  all  parts  of  the  crystal.  They  are  special  properties 
which  may  and  do  coexist  with  homogeneity,  and  special  account 
must  be  taken  of  them.  They  are  all  comprehended  in  the  general 
word  “polarity.”  A  homogeneous  body  whose  elasticity  is  equal  in 
all  directions  is  said  to  be  “isotropic;”  when  it  is  different  indifferent 
directions,  it  is  said  to  be  “  eolotropic  ”  or  heterotropic.  The  property 
of  eolotropy  is  supposed  to  be  the  result  of  the  arrangement  of  the 
molecules.  It  is  not  confined  to  crystals.  Metals  sometimes  possess 
it,  presumably  in  consequence  of  the  forces  to  which  they  are  subject 
in  the  process  of  manufacture.  Thus  the  elasticity  of  an  iron  bar  is 
presumably  not  the  same  in  the  direction  of  its  length  as  in  the  direc¬ 
tion  of  its  diameter.  It  may  even  have  different  elasticities  along  dif¬ 
ferent  diameters,  and  instead  of  having  one  elasticity  of  volume  may 
have  two  or  three.  So,  too,  it  may  have  more  than  one  elasticity  of 
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form.  Since,  then,  the  rate  of  propagation,  the  consequent  form  of  the 
waves,  and  the  motions  of  the  particles  must  depend  upon  the  elas¬ 
ticity,  we  begin  to  realize  how  complex  the  subject  must  become 
when  we  take  account,  as  we  must,  of  the  manifold  elasticities  of 
bodies.  It  can  be  handled  only  by  the  wonderful  machinery  of 
mathematics. 

An  earthquake  consists  of  a.  series  of  many  elastic  waves  passing 
through  the  substance  of  the  earth.  The  nature  of  the  action  which 
generates  such  waves  is  still  an  unsolved  problem.  But  for  their 
progress  and  motions  after  they  are  once  generated  we  have  a  theory 
which  is  satisfactory  so  far  as  its  general  features  are  concerned. 
The  preceding  discussion  is  an  attempt  to  express  in  common  lan¬ 
guage  the  fundamental  principles  upon  which  that  theory  is  based. 
In  applying  it  to  earthquakes,  we  must  take  account  of  several  facts 
which  must  modify  to  an  important  degree  the  conclusions  to  be 
drawn  from  it. 

(1)  The  earth-mass  through  which  these  waves  are  transmitted  is 
not  homogeneous.  Both  the  elasticity  and  the  density  of  its  matter 
vary.  Near  the  surface  of  the  earth  the  variations  are  very  great. 
The  superficial  covering  consists  mostly  of  soil  of  varying  degrees 
of  compactness,  comprising  silicious  particles  of  widely  varying  de¬ 
grees  of  coarseness  or  fineness  without  any  solid  cementing  material 
uniting  them  into  a  continuous  mass  like  the  indurated  strata. 
Moreover,  the  harder  and  more  compact  rock-masses  near  the  sur¬ 
face  are  riven  with  myriads  of  cracks  breaking  their  continuity  at 
short  intervals.  Every  crack  causes  a  corresponding  break  in  the 
continuity  of  the  physical  law  governing  the  propagation  ^  the 
waves.  If  we  consider  a  layer  of  sand  or  soil  as  consisting  of®mall 
silicions  grains  touching  each  other  only  at  a  few  points  and  with 
interstices  filled  only  with  air  or  water,  we  shall  perceive  that  its 
elasticity  must  be  of  a  very  much  lower  order  than  that  of  a  consoli¬ 
dated  mass  of  similar  grains  whose  interstices  are  filled  with  a 
cementing  material  as  hard  and  elastic  as  that  of  the  grains  them¬ 
selves.  But  even  such  loose  materials  are  not  wholly  devoid  of 
elasticity,  as  is  sufficiently  proven  by  the  fact  that  they  transmit 
wavelets  or  tremors  as  truly  as  more  homogeneous  masses,  though 
not  so  swiftly  or  perfectly.  So  also  in  rocks  which  are  fissured  or 
cracked.  The  wave  impulse  is  quickly  lost,  not  only  because  it  is 
diffused  through  an  ever-expanding  shell,  but  also  because  a  part  of 
its  total  energy  is  extinguished  at  each  break  of  continuity  or  dis¬ 
persed  by  reflection,  like  a  water  wave  breaking  against  a  rough,  ir¬ 
regular  barrier,  or  waves  of  light  falling  upoii  a  rough  surface.  There 
is,  however,  reason  to  believe  that  in  the  depths  of  the  earth  the  rock 
material  is  continuous.  Cavities,  interstices,  and  cracks  cannot  ex¬ 
ist  at  great  depths.  The  weight  of  superincumbent  masses  is  suffi¬ 
cient  a  few  miles  below  the  surface  to  render  everything  perfectly 
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continuous  even  though  everything  may  not  he  strictly  homogene¬ 
ous.  1  It  is  in  these  depths  that  the  principal  part  of  the  energy  of 
the  earthquake  wave  is  propagated.  The  modifications  which  those 
portions  of  the  spherical  wave  which  move  more  or  less  obliquely 
upward  receive  as  they  pass  from  the  more  solid  masses  below  into 
the  less  compact  strata  above  will  he  discussed  farther  on. 

(2)  Another  condition  which  modifies  the  movement  of  the  earth¬ 
quake  wave  is  imperfect  elasticity  of  the  medium  through  which  it 
is  propagated.  Perfect  elasticity  is  conceived  of  as  the  property  by 
which  each  particle  of  the  mass  returns  to  its  original  position  after 
the  wave  impulse,  and  suffers  no  permanent  change  either  of  volume 
or  of  form.  So  far  as  concerns  the  volume  of  truly  homogeneous 
and  continuous  solids  the  elasticity  is  probably  perfect.  Not  so  with 
elasticity  of  form.  Even  in  those  solids  in  which  the  resilience 
seems  to  be  perfect — as  in  a  steel  spring — it  is  not  so.  In  every  vibra¬ 
tion  of  the  spring  there  is  some  permanent  change  of  the  relative 
positions  of  particles  and  it  is  greater  in  substances  whose  resilience 
is  less  perfect.  Every  such  change  involves  a  change  of  a  portion  of 
the  wave’s  energy  into  heat  or  some  other  mode  of  motion.  The 
portion  of  energy  so  transformed  is  not  transmitted.  The  propor¬ 
tion  of  energy  thus  lost  by  the  wave  increases  with  the  amplitude  of 
vibration.  It  is  a  familiar  fact  that  whenever  a  solid  is  subjected 
to  stress  exceeding  a  certain  amount  it  undergoes  a  permanent  de¬ 
formation,  which  increases  so  long  as  the  stress  remains  or  until  ended 
by  rupture.  We  can  easily  conceive  of  a  solid  subjected  to  a  wave- 
producing  impulse  powerful  enough  to  surpass  the  “  elastic  limit  ” 
of  its  material,  as  when  an  iron  target  is  struck  by  a  cannon-shot 
or  as  when  dynamite  is  exploded  in  rock-blasting.  In  such  cases 
much  the  greater  part  of  the  impulse  is  transformed  into  work  done 
upon  the  material  and  only  a  small  part  remains  to  be  transmitted. 
The  intensity  of  the  transmissible  energy  can  not  exceed  a  certain 
amount,  depending  upon  the  elastic  limit  of  the  substance.  The 
effect,  then,  of  imperfect  elasticity  is  to  dissipate  more  or  less  rapidly 
the  energy  of  the  wave.  Since  the  intensity  of  the  energy  (amount 
of  energy  pier  unit  area  of  the  spiherical  shell  surface  or  pier  unit 
volume  of  the  shell)  must  diminish  as  the  inverse  square  of  the  dis¬ 
tance  even  when  the  elasticity  is  pierfect,  it  is  appiarent  that  it  must 
diminish  in  a  still  higher  ratio  when  the  elasticity  is  impierfect. 

(3)  The  third  consideration  arises  when  we  piass  from  the  idea  of 
a  solid  medium  extended  indefinitely  in  all  directions  to  that  of  a 
medium  limited  on  one  side  at  least  by  a  plane  surface.  This  consid¬ 
eration  appilies  to  earthquake  waves  which  originate  within  the  mass 

1  Those  who  speculate  upon  the  existence  of  deeply  seated  cavities  within  the 
earth  overlook  the  unavoidable  and  indisputable  conclusion  from  the  law  of  gravi¬ 
tation  that  at  a  depth  of  four  or  five  miles  the  pressure  of  superincumbent  masses 
exceeds  the  rigidity  of  the  strongest  rock-forming  material. 
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of  the  medium  and  are  propagated  in  such  a  manner  that  nearly 
one-half  of  the  spherical  shell  ultimately  makes  itself  felt  at  the  sur¬ 
face  of  the  earth.  In  a  homogeneous  and  perfectly  elastic  solid  the 
existence  of  a  hounding  surface  would  have  no  effect  upon  the  wave 
until  it  reached  very  near  the  surface — nearer  in  fact  than  one-fourth 
of  a  wave-length.  The  most  forcible  shocks  of  a  great  earthquake, 
however,  have  very  considerable  wave-lengths.  Some  of  them  may 
have  wave-lengths  of  nearly  or  even  quite  a  mile,  with  an  amplitude 
varying  from'  a  fraction  of  an  inch  to  several  inches.  In  such  waves  the 
effect  of  the  surface  in  modifying  the  motions  of  the  particles  would 
be  decidedly  appreciable.  If  we  remember  that  during  the  forward 
half  of  a  vibration  the  medium  is  subject  to  compression  or  squeezing, 
we  shall  be  able  to  realize  that  at  the  surface  the  medium  is  free  to 
bulge  upwards.  But  it  is  restrained  from  bulging  laterally,  or  hori¬ 
zontally,  because  the  matter  which  is  horizontally  adjacent  to  any  ele¬ 
mentary  portions  is  subjected  to  the  same  tendency  to  bulge  laterally. 
Hence  over  the  half  of  the  wave  which  is  subject  to  forward  motion 
a  surface  bulging  occurs,  while  over  the  part  of  the  wave  which  is 
subject  to  refluent  motion  a  depression  would  be  formed,  thus  giving 
rise  to  an  undulation  of  the  surface  resembling  (but  not  homolgous 
to)  the  long  waves  on  the  surface  of  a  body  of  water.  But  their 
amplitudes  in  vertical  dimension  would  be  very  small — smaller  even 
than  the  amplitudes  of  the  elastic  normal  waves  which  produce 
them — while  their  wave  lengths  would  be  very  great.  Such  slight 
deformations,  therefore,  would  be  quite  invisible.  But  they  would 
undoubtedly  be  felt  very  keenly  by  the  general  sense  of  feeling,  for 
we  are  very  sensitive  to  minute  displacements  of  the  ground  or  floor 
on  which  we  stand  when  they  take  place  quickly  ;  and  the  earthquake 
wave  moves  with  immense  rapidity.  It  is  clear,  however,  that  these 
cannot  be  those  visible  surface  waves  which  are  so  often  testified  to 
as  occurring  in  great  earthquakes  in  and  near  the  epicentral  tracts, 
for  the  latter  are,  according  to  all  accounts,  of  considerable  ampli¬ 
tude  and  of  comparatively  short  wave-length. 

A  far  more  important  consequence  of  the  bounding  surface  of  the 
solid  is  that  it  causes  a  reflection  of  the  wave.  If  upon  the  other 
side  of  the  surface  there  is  another  medium  of  different  elasticity  or 
density,  a  part  of  the  wave  will  be  transmitted  into  it  and  a  part  will 
be  reflected  back  into  the  original  solid.  If  there  is  no  such  medium, 
the  whole  wave  will  be  reflected.  An  elastic  wave  from  within  the 
earth  rising  into  a  body  of  water  is  almost  totally  reflected  back  from 
the  surface  downward  through  the  water  again.  A  small  part  of 
its  energy,  however,  is  transmitted  to  the  air,  becoming  a  wave  of 
sound  which  is  distinctly  audible.  If  the  surface  of  the  water  is 
disturbed  by  common  gravity  waves,  the  elastic  wave  is  broken  up 
into  a  great  number  of  minor  waves,  and  many  fractional  waves  are 
transmitted  to  the  air,  becoming  a  confused  murmur  of  sounds. 
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Passing  from  the  idea  of  a  solid  homogeneous  throughout  to  one 
which,  like  the  earth,  is  covered  with  a  superficial  layer  of  loosely 
aggregated  material,  we  may  next  consider  the  modifications  of  the 
waves  produced  by  such  .changes  in  the  character  of  the  medium  as 
actually  occur.  As  already  stated,  we  must  regard  the  moderately 
deep  rocks  as  thoroughly  compact  and  continuous;  and  as  we  have 
'  some  reason  to  believe  that  they  do  not  differ  greatly  in  constitution 
(at  least  until  profound  depths  are  reached),  we  regard  them  as  ap¬ 
proximating  homogeneity.  But  the  superficial  strata  are  quite  other¬ 
wise.  As  an  earthquake  wave  approaches  the  surface  it  passes 
through  a  succession  of  layers  which  not  only  differ  widely  in  re¬ 
spect  to  elasticity,  but  are  interrupted  by  cracks  or  joints,  while  the 
soil  is  composed  of  a  material  radically  different  in  respect  to  elas¬ 
ticity  from  the  consolidated  strata.  Thus  the  wave  is  greatly  modi¬ 
fied.  Wherever  the  character  of  the  rocks  changes  suddenly  a  part 
of  the  wave  is  reflected  and  a  part  transmitted.  And  this  is  true 
both  of  normal  and  transverse  waves. 

We  may  thus  realize  that  in  the  heterogeneous  outer  covering  of 
the  earth-mass  the  earthquake  waves  undergo  a  great  amount  of 
modification,  being  broken  up  into  duplicated  and  reduplicated 
waves  at  every  sudden  break  in  the  homogeneity,  tending  to  become 
a  confused  series  of  divided  tremors,  at  one  place  reflected,  at  an¬ 
other  refracted.  In  passing  from  one  medium  to  another  the  am¬ 
plitude,  wave-length,  and  speed  of  propagation  change;  either  one 
or  more  of  these  component  quantities  increasing  or  diminishing  (but 
conditioned  by  the  law  of  the  conservation  of  energy)  according 
to  the  variations  in  the  elasticity  and  density. 

The  shaking  which  is  felt  at  the  surface  of  the  ground  during  an 
earthquake,  therefore,  is  produced  by  waves  which  have  been  greatly 
modified  in  their  passage  through  the  upper  layers  of  the  earth. 
They  do  not  give  us  the  means  of  judging  the  exact  character  and 
dimensions  of  the  deeper  waves  which  have  produced  them  ;  much 
less  do  they  furnish  us  with  any  clew  as  to  the  nature  of  the  disturb¬ 
ance  which  originates  the  deeper  waves  in  the  first  instance.  But 
as  the  surface  movements  are  dependent  upon  the  subterranean  ones, 
and  as  the  nature  of  this  dependence  is  in  part  at  least,  and  even  in 
great  part,  within  the  domain  of  legitimate  theory,  we  find  the  exam¬ 
ination  of  them  not  without  utility.  We  may  proceed,  then,  to  dis¬ 
cuss  the  broader  features  of  the  motions  of  the  surface  as  actually 
observed. 

The  ingenious  investigations  which  have  been  made  in  Japan  by 
the  native  and  European  scientific  men  residing  in  that  country 
have  thrown  much  light  upon  this  subject.  The  elaborate  seismo¬ 
graph  used  by  them  records  the  movement  of  the  ground  in  such  a 
manner  that  it  can  be  resolved  into  its  proper  components.  This 
instrument  has  been  so  often  described,  that  a  description  of  it  here 
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seems  to  be  a  useless  repetition.  Some  recent  investigations  made 
by  Prof.  Sekei  Sekiya1  are  of  special  interest. 

The  diagram  in  PI.  XXX  shows  the  traces  made  by  the  instrument 
upon  the  revolving  plate,  in  which  the  amplitudes  of  the  horizontal 
vibrations  are  magnified  five  times  and  the  vertical  ones  eight  times. 
These  give  the  three  rectangular  components  of  the  motion  at  each' 
instant  of  time  during  the  whole  disturbance.  These  being  obtained, 
it  becomes  possible  to  reconstruct  a  representation  of  the  path  de¬ 
scribed  by  a  point  on  the  ground.  This  Professor  Sekiya  has  done 
by  bending  a  long  wire  into  such  shape  that  it  shall  represent  that 
path.  PI.  XXXI  is  a  picture  of  the  wire  so  bent.  The  first  figure  rep¬ 
resents  the  motion  from  the  first  to  the  twentieth  second;  the  second 
from  the  twentieth  to  the  fortieth  second;  the  third  from  the  fortieth 
to  the  seventy-second  second,  at  which  time  the  vertical  vibration 
became  almost  inappreciable,  though  the  horizontal  vibrations  con¬ 
tinued  considerably  longer.  These  confused  tangles  viewed  by 
themselves  indicate  motions  of  the  most  irregular  kind.  But  if  we 
recur  to  the  diagram  of  the  circular  plate  the  traces  clearly  indicate 
something  more.  They  show  that  the  tremors  were  many  and  that 
smaller  ones  were  superposed  upon  larger  ones;  that  the  larger  ones 
had  periods  varying  somewhat,  but  not  differing  greatly  from  two 
seconds.  The  greatest  amount  of  vertical  movement  was  only  1.3 
millimeters,  or  about  one  twentieth  of  an  inch;  while  the  greatest 
horizontal  displacement  was  7.3  millimeters,  or  between  one-third 
and  one-fourth  of  an  inch.  The  smaller  tremors  at  the  beginning 
of  the  earthquake  were  five  or  six  per  second,  but  after  twelve  or 
fifteen  seconds  they  vanished,  while  the  principal  vibrations  con¬ 
tinued  as  a  series  of  long  and  nearly  regular  oscillations,  dying  out 
very  gradually  after  the  eighty-fifth  second.  This  earthquake  oc¬ 
curred  on  the  15th  of  January,  1887,  and  was  of  somewhat  unusual 
severity.  At  the  point  where  the  above  observations  were  made  the 
intensity  of  the  shocks,  as  nearly  as  I  can  estimate  from  Professor 
Sekiya’s  description,  was  about  equal  to  that  of  the  Charleston  earth¬ 
quake  at  Atlanta,  Ga. 

The  foregoing  example  may  be  regarded  as  a  fair  type  of  the 
movements  of  a  particle  upon  the  surface  of  the  ground  during  an 
earthquake.  The  amount  of  motion  in  different  earthquakes  may 
differ  greatly.  In  the  greater  ones  the  amplitudes  are  much  greater, 
but  the  general  nature  of  the  motion  is  the  same.  This  motion  is 
the  resultant  of  innumerable  waves,  some  normal,  others  transverse, 
with  two  or  more  superposed  vibrations  passing  at  the  same  instant. 

In  attempting  to  reason  from  such  movements  at  the  surface  to 
those  in  the  depths  we  encounter  great  difficulties  and  uncertainties. 
We  have  seen  that  the  primitive  waves  in  passing  from  a  nearly 
homogeneous  medium  below  into  different  media  above  are  decom- 

1  Transactions  of  the  Seismological  Society  of  Japan,  vol.  11,  1887,  Yokohama. 


NINTH  ANNUAL  REPORT  PL.  XXX 


U.  S.  GEOLOGICAL  SURVEY 


SEISMOGRAPH  TRACES. 


% 


•l 


DUTTON.] 


NATURE  AND  MECHANISM  OF  WAVE  MOTION. 


405 


posed,  so  to  speak,  and  modified  greatly  in  respect  to  their  ampli¬ 
tudes  and  total  energy,  and  new  waves  differing  from  the  primitive 
ones  are  generated.  We  can  not  reconstruct  primitive  waves  out  of 
the  data  furnished  by  the  secondary  ones.  All  that  we  can  do  is  to 
state,  according  to  theory,  the  general  nature  of  some  of  the  trans¬ 
formations. 

The  materials  which  compose  the  soil,  the  gravels,  and  the  uncon¬ 
solidated  uppermost  strata  have  elasticity,  but  its  degree  (or  modulus) 
is  very  much  less  than  that  of  the  rocky  strata,  while  their  density 
is  only  a  little  less.  As  these  two  properties  govern  the  rate  of 
transmission,  it  is  obvious  that  the  wave-speed  in  such  materials 
must  be  less.  But  the  amplitude  of  the  motion  must  be  greater  at 
the  surface  ;  for,  the  elastic  resistance  being  less,  a  given  impulse 
will  project  the  particles  to  a  greater  distance  before  the  elastic  resist¬ 
ance  becomes  great  enough  to  stop  their  motion  and  drive  them  back 
to  their  original  positions.  The  wave-period,  or  time  of  oscillation, 
on  the  other  hand,  will  be  increased.  Where  a  rapid  and  long-con¬ 
tinued  succession  of  waves  passes,  there  will  be  a  tendency  of  the  lower 
material  to  assume  a  series  of  increasing  oscillations,  whose  component 
quantities,  wave-length,  amplitude,  and  period  will  be  dependent, 
first,  upon  the  average  values  of  those  quantities  in  the  primitive 
waves;  second,  upon  the  peculiar  properties  of  the  mass;  third,  upon 
the  surface  conditions;  and  fourth,  upon  the  obliquity  of  the  rays  of 
the  emergent  waves.  These  are  so  complex,  that  no  discussion  of 
the  nature  here  contemplated  can  throw  light  upon  them.  That 
gravity  waves  strictly  homologous  to  those  we  see  in  water  may  be 
among  the  resulting  motions  is  quite  possible  from  a  theoretical  point 
of  view,  though  the  explanation  of  them  is  attended  with  difficulty. 

We  may  now  proceed  to  consider  how  the  motions  produced  in  the 
epicentral  tract  and  its  vicinity  may  differ  from  those  produced  at 
greater  distances.  Taking  first  the  normal  waves,  in  which  the  di¬ 
rection  of  motion  of  the  vibrating  particles  is  the  same  as  the  radius 
of  the  wave-shell,  it  is  apparent  that  at  the  epicentrum  the  motion  of 
a  particle  in  a  pure  normal  wave  must  be  up  and  down,  or,  as  it  is 
usually  termed,  subsultory.  As  we  pass  away  from  the  epicentrum 
this  motion  becomes  more  and  more  oblique,  and  at  a  great  distance 
it  becomes  sensibly  horizontal,  but  in  a  direction  to  and  from  the 
centrum.  In  the  case  of  transverse  waves  the  motion  produced  at 
the  epicentrum  is  horizontal.  But  it  may  have  any  azimuth,  i.  e., 
any  direction  in  a  horizontal  plane.  Any  single  wave,  however, 
due  to  some  definite  impulse  must  have  some  definite  azimuth  of 
vibration  at  each  point  affected  by  it,  and  this  will  be  determined 
by  the  special  character  of  the  original  impulse.  Away  from  the 
epicentrum  the  transverse  vibration  may  have  any  direction  in  a 
plane  perpendicular  to  the  line  joining  the  point  of  observation  and 
the  centrum.  This  plane  is  always  an  oblique  one  with  respect  to 
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the  horizon,  and  the  vibratory  motion  can  be  strictly  horizontal  only 
when  the  direction  of  vibration  coincides  with  the  intersection  of 
the  oblique  planes  with  the  plane  of  the  earth’s  surface.  Hence  the 
most  forcible  vertical  vibrations  must  occur  at  the  epicentrum,  and 
these  must  be  due  to  the  normal  waves  alone;  for  at  the  epicentrum 
the  transverse  waves  yield  no  vertical  motion  at  all,  and  at  great 
distances  from  it  both  waves  become  enfeebled  by  steadily  diminish¬ 
ing  amplitude.  In  the  epicentral  tract,  therefore,  we  may  not  be 
surprised  to  find  evidence  of  forcible  subsultory  movement,  while 
away  from  it  we  find  little  or  none.  In  the  Charleston  earthquake 
the  effects  of  the  vertical  shocks  in  the  epicentral  tract  were  disas¬ 
trous  and  gave  wholly  different  aspects  to  the  vestiges  of  the  catas¬ 
trophe  from  those  disclosed  in  Charleston. 

Since  many  simultaneous  waves  may  be  passing  at  the  same  time 
and  place,  the  resulting  motions  given  to  the  earth  particle  may  be 
highly  complex.  But  at  or  near  the  epicentrum  there  may  be 
peculiar  compound  motions,  which  are  either  not  manifested  at  a 
distance  or  are  so  little  pronounced  as  to  be  hardly  noticeable.  As 
already  stated,  the  motions  due  to  a  pure  transverse  wave  at  the 
epicentrum  must  be  horizontal  vibrations,  and  for  any  single  wave 
they  can  only  have  one  azimuth.  The  vibration  will  then  be  in  a 
straight  line.  But  suppose  another  transverse  wave  causing  vibra¬ 
tion  in  a  different  azimuth  acts  upon  the  earth  particle  at  the  same 
time.  The  result  will  be  in  general  that  the  earth  particle  will  de¬ 
scribe  a  closed  circuit,  the  form  of  which  may  be  almost  indefinitely 
varied.  Where  the  amplitudes  of  the  transverse  waves  are  very 
great  and  the  relations  between  the  phases  of  the  conspiring  waves 
conform  to  certain  conditions,  the  path  of  the  earth  particle  may  be¬ 
come  nearly  circular,  producing  those  remarkable  motions  known 
as  “  vorticose.”  Movements  somewhat  similar  may  indeed  be  pro¬ 
duced  at  more  distant  places  by  combined  vibrations,  but  it  is  only 
when  the  amplitudes  are  great  and  the  shaking  correspondingly 
energetic  that  they  are  of  sufficient  magnitude  to  distinctly  impress 
their  real  character  upon  the  senses  of  the  observer. 

An  estimation  of  the  energy  of  an  earthquake  involves  the  con¬ 
sideration  of  numerous  component  quantities  and  their  relations  to 
each  other.  In  general  it  may  be  said  that  the  energy  depends 
firstly  upon  the  extent  of  the  motion,  and  secondly  upon  the  quick¬ 
ness  with  which  it  is  performed.  But  we  need  to  make  our  concep¬ 
tions  and  understanding  of  these  general  terms  more  specific.  To 
this  end  it  is  necessary  to  consider  the  elementary  quantities  which 
constitute  vibratory  or  undulatory  motion,  and  see  how  they  are  re¬ 
lated  to  each  other  and  how  they  make  up  collectively  the  energy  of 
the  earthquake.  The  quantities  to  be  so  considered  are  the  ampli¬ 
tude  of  motion,  the  wave-length,  the  period,  the  wave-speed,  and  the 
acceleration  of  the  earth  particle. 
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(1)  The  amplitude  has  already  been  stated  to  be  the  length  of  the 
path  through  which  a  given  particle  vibrates  under  the  impulse  of 
a  single  wave.  In  this  case  its  path  is  a  straight  line,  whether  the 
wave  be  normal  or  transverse.  But  under  the  action  of  two  or  more 
simultaneous  waves  its  path  may  be  a  closed  circuit,  and  under  a 
long  succession  of  impulses,  some  superposed,  others  following  in 
harmonic  series,  its  path  becomes  extremely  complex,  as  exemplified 
in  Professor  Sekiya’s  model  in  wire.  In  so  far  as  we  can  identify 
any  compound  vibration,  the  amplitude  may  be  regarded  as  the  ex¬ 
treme  distance  of  its  excursion  from  the  mean  position,  or  rather  from 
that  position  in  which  it  would  be  in  equilibrium  if  all  impressed 
forces  were  suddenly  to  cease.  This  quantity  has  been  measured 
many  times  in  Japan  by  the  seismographs,  and  though  such  measure¬ 
ments  probably  do  not  attain  a  high  degree  of  accuracy,  they  are  near 
enough  to  the  truth  for  practical  purposes.  They  indicate  an  ampli¬ 
tude  much  smaller  than  was  supposed  to  characterize  similar  and 
equal  shocks  before  such  instruments  were  used. 

(2)  The  next  important  quantity  to  be  considered  is  the  wave-period, 
or  the  time  required  for  a  complete  oscillation.  In  a  perfectly  elastic 
body  the  wave-period  depends  wholly  upon  the  nature  of  the  origi¬ 
nating  impulse.  When  a  force  like  a  push  or  an  impact  is  applied 
to  a  solid  elastic  mass,  it  causes  both  compression  and  distortion. 
So  long  as  this  force  exceeds  the  elastic  resistance,  the  compression 
and  distortion  will  continue  to  increase.  But  the  increase  of  distor¬ 
tion  or  compression  is  accompanied  by  a  proportional  increase  of  the 
elastic  resistance,  and  when  this  resistance  becomes  equal  to  the  force 
applied,  the  change  of  volume  or  figure  ceases.  A  diminution  of  the 
applied  force  is  then  followed  by  a  return  of  the  displaced  portions 
towards  the  original  configuration.  Now  the  disturbing  force  may 
be  applied  slowly  or  it  may  be  applied  quickly,  but  so  long  as  it  con¬ 
tinues  to  be  greater  than  the  elastic  resistance,  so  long  will  the  dis¬ 
placement  continue  to  increase.  Since  the  speed  of  propagation  is 
constant,  the  longer  the  time  in  which  the  force  exceeds  the  resist¬ 
ance  the  greater  will  be  the  wave-length;  the  greater  also  will  be  the 
wave-period,  for  the  period  is  the  time  required  for  a  wave  moving 
with  uniform  speed  to  pass  a  given  point.  We  may,  then,  use  the 
terms  wave-length  and  wave-period  as  correlatives,  the  first  express¬ 
ing  the  space  relations,  the  second  expressing  the  time  relations  of 
the  same  fact.  Recalling  the  statement  that  the  vigor  of  an  earth¬ 
quake  impulse  depends  upon  the  extent  of  motion  and  the  quick¬ 
ness  with  which  it  is  performed,  we  may  substitute  more  technical 
though  hardly  more  precise  language,  and  say  that  it  depends  upon 
the  amplitude  and  period. 

The  seismograph  gives  us  a  measure  of  the  wave-periods  as  well 
as  of  the  amplitudes.  In  those  observed  in  Japan  they  are  found  to 
vary  from  one-tenth  of  a  second  to  over  two  seconds.  It  may  be 
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questioned  whether  still  smaller  periods  ao  not  occur,  but  which  fail 
to  be  recorded  owing  to  the  size  and  form  (moments  of  inertia)  of  the 
moving  parts  which  trace  the  records  on  the  revolving  plate.  It 
is  a  striking  fact,  brought  to  light  by  these  instruments,  that  in  the 
beginning  of  a  forcible  earthquake,  tremors  of  a  very  short  period 
appear  superposed  on  waves  of  longer  period  ;  but  after  the  lapse 
of  a  few  seconds  they  disappear  or  become  far  less  conspicuous,  and 
the  ground  settles  into  a  comparatively  slow  swing,  the  pulses  being 
from  half  a  second  to  two  and  a  half  seconds  in  duration. 

(3)  Of  the  speed  of  propagation  nothing  needs  to  be  said  here,  a 
whole  chapter  being  devoted  elsewhere  to  the  discussion  of  this 
factor. 

(4)  The  wave-length  has  also  been  discussed  as  to  its  main  features. 
It  may  be  added  that  it  is  obviously  equal  to  the  speed  of  propagation 
multiplied  by  the  period.  It  is  necessary  to  bear  in  mind,  however, 
that  we  have  as  yet  no  assurance  that  the  wave  lengths,  speeds,  and 
periods  of  the  surface  vibrations  correspond  to  those  wdiich  belong 
to  the  deeply  seated  waves  in  the  earth  which  bear  along  the  chief 
part  of  the  total  energy  of  the  earthquake.  W e  have  seen  that  there 
must  be  an  enormous  difference  in  the  elasticities  of  surface  and 
deeply  seated  materials  respectively,  while  the  densities  differ  not 
greatly.  Hence  the  speed  must  be  less  and  the  wave-length  for 
equal  period  correspondingly  so.  Still  more  generally  we  have  re¬ 
garded  the  surface  waves  as  different  waves  from  those  beneath, 
though  produced  by  them.  A  knowledge  of  the  speed  of  the  deep 
wave,  therefore,  conveys  no  knowledge  of  the  speed  of  the  secondary 
surface  wave.  We  are  then  in  the  following  difficulty :  We  have 
three  quantities  ;  speed,  period,  and  wave-length.  The  seismograph 
gives  us  the  period,  and  we  know  that  the  wave-length  is  the  product 
of  the  other  two  quantities.  To  assign  values  to  them  all  we  must 
have  a  third  datum  or  relation.  But  no  such  datum  or  relation,  so 
far  as  I  am  aware,  has  ever  been  determined  in  any  earthquake  for 
surface  waves.  Nor  have  we  the  means  for  assigning  any  definite 
relations  between  the  quantities  pertaining  to  the  deep  waves  on  the 
one  hand  and  to  the  surface  waves  on  the  other.  There  seems,  how¬ 
ever,  to  be  good  reason  for  presuming  that  the  short,  quick  tremors 
which  usher  in  the  earthquake  have  periods  not  greatly  differing 
from  those  of  deeply  seated  vibrations ;  periods  which  may  range 
from  one-tenth  to  one-fiftli  of  a  second.  If  these  may  be. assumed 
to  represent  also  the  periods  in  the  Charleston  earthquake,  the  deep 
wave-lengths  would  range  from  1,700  to  3,400  feet.  It  is  not  dis¬ 
puted,  however,  that  some  of  the  longer  periods  disclosed  by  the 
seismograph  may  agree  with  those  of  deep  waves,  in  which  case 
their  lengths  would  vary  from  one  and  a  half  to  eight  miles.  Put¬ 
ting  such  figures  into  relation  with  the  possible  amplitudes,  which 
in  the  most  violent  shocks  can  hardly  exceed  a  few  inches,  we  gain 
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some  idea  of  the  enormous  disparity  between  amplitude  and  wave¬ 
length.  Remembering  that  the  amplitude  decreases  as  the  wave 
moves  on,  and  that  at  the  distance  of  a  few  hundred  miles  it  can  not 
exceed  a  very  small  fraction  of  an  inch,  while  tliedength  of  the  wave 
remains  constant,  the  disparity  is  greatly  multiplied.  But  it  is  not 
impossible.  Nay,  some  enormous  disparity  is  certain.  It  is  only  a 
question  of  how  much,  and  that  which  has  been  roughly  suggested 
is  intrinsically  as  probable  as  any  others.  The  ratio  of  amplitude  to 
wave-length  in  the  surface  waves  is  probably  many  times  greater, 
the  amplitude  being  much  greater  and  the  wave-length  very  much 
less. 

(5)  The  “acceleration  of  the  earth  particle”  is  a  term  used  to 
express  the  amount  of  force  actually  exerted  by  the  wave  upon  a 
body  situated  upon  the  earth’s  surface.  If  a  body  is  free  to  move, 
the  application  of  force  will  cause  motion  or  change  of  motion.  In 
this  connection  a  state  of  rest  is  considered  as  the  zero  of  motion.  A 
change  of  motion  is  called  an  acceleration.  It  requires  a  force  in 
order  to  produce  it,  and  the  amount  of  the  acceleration  is  simply 
proportional  to  the  force  which  causes  it. 

The  final  quantity  to  be  considered  is  the  energy  per  unit  area  of 
wave  front.  This  is  the  true  measure  of  the  intensity,  as  that  word 
is  accepted  and  understood  in  this  paper.  It  is  a  complex  idea, 
being  dependent  upon  four  factors:  the  wave-length,  the  amplitude, 
the  wave-period,  and  the  density  of  the  medium.  We  might  substi¬ 
tute  for  wave-length  an  expression  for  the  wave-speed,  but  the  quan¬ 
tity  would  not  be  simplified  thereby.  Conceive  a  square  segment 
whose  area  is  unity  to  be  cut  out  of  the  spherical  shell  which  con¬ 
tains  the  advancing  wave  at  any  moment.  The  total  energy  of  the 
segment  is  the  sum  of  the  energies  of  its  constituent  particles.  But 
the  energies  of  different  particles  at  any  instant  are  not  uniform. 
Those  on  the  outer  surface  of  the  shell  are  just  beginning  their  mo¬ 
tion;  those  on  the  inner  surface  are  just  ending  it.  Those  between 
the  two  surfaces  are  in  different  phases  of  their  motion,  according  to 
their  distances  from  either  the  inner  or  outer  surface. 

It  may  be  questioned  by  some  whether  the  energy  per  unit  area 
of  wave  front  or  the  acceleration  of  the  earth  particle  is  the  better 
measure  of  the  relative  intensities  of  seismic  waves.  To  me  it  seems 
unquestionable  that  the  former  is  to  be  preferred. 


APPENDIX  A. 


LIST  OF  LOCALITIES  FURNISHING  REPORTS. 

Tlie  following  list  embraces  tliose  localities  which  have  furnished 
reports  of  some  value.  The  mere  indication  that  a  shock  was  felt  is 
of  no  significance  except  in  the  most  distant  regions.  Wherever  a 
marked  intensity  prevailed  it  is  presumed  that  the  tremors  were  uni¬ 
versally  sensible  throughout  the  immediately  surrounding  region, 
and  a  few  good  observations  well  scattered  will  give  as  good  indica¬ 
tions  for  that  region  as  could  be  expected  under  the  circumstances. 
Within  the  isoseismal  lines  of  three  or  four,  mere  indications  that  it 
was  felt,  and  which  give  no  further  information,  have  been  as  a  gen¬ 
eral  rule  excluded  from  the  list.  The  time  observations  have  been 
carefully  sifted  and  catalogued  in  Chapter  VII. 

The  latitudes  and  longitudes  of  the  table  have  been  somewhat 
roughly  computed,  being  taken  by  scale  measurements  from  the 
Atlas  of  Rand,  McNally  &  Co.  They  are  probably  within  two  or 
three  minutes  of  the  true  latitudes  and  longitudes  in  nearly  all  cases. 
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Delaware  Breakwater .  38  49  75  07  .  Associated  Press .  Very  distinct  shock;  duration  several  seconds. 

Fenwick’s  Island  light-  . .  1  .  1J  .  J.  D.  Bennett,  keeper. .  Sitting  in  watch-room,  felt  sudden  shake;  gener- 

house.  I  i  ally  felt;  rattled  tins  and  movable  objects. 
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Remarks. 

Distinct  shocks;  chandehers  swung  and  dishes  rat- 
tled ;  a  meeting  was  broken  up,  and  guests  left 
rooms  in  hotels;  people  greatly  frightened;  no 
damage. 
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By  1ST.  S.  Shaler. 


NATURE  AND  OBJECTS  OF  THIS  REPORT. 

The  island  of  Cape  Ann  and  the  neighboring  portion  of  the  main¬ 
land  of  Massachusetts  form  a  remarkable  salient  at  the  northern 
extremity  of  Massachusetts  Bay.  The  topographic  individuality  of 
this  area  and  its  general  relations  to  the  shore  line  of  New  England 
make  it  an  attractive  field  for  inquiry.  Although  it  is  proposed  in 
the  end  to  assemble  in  a  general  report  the  information  gained  in 
the  study  of  the  Atlantic  coast  line,  it  seems  desirable  from  time  to 
time  to  set  forth  the  more  important  of  these  results  in  the  form  of 
detached  memoirs.  It  will  be  a  number  of  years  before  it  will  be 
possible  to  prepare  a  final  report,  and  in  the  mean  time  by  separate 
publications,  the  more  important  results  obtained  during  the  progress 
of  the  inquiry  can  be  placed  in  the  hands  of  other  students  of  this 
interesting  geological  field. 

I  propose  to  set  forth  in  the  following  pages  what  has  been  ascer¬ 
tained  concerning  the  following  points:  First,  the  general  structure 
of  the  district  in  question,  and  next,  the  superficial  geology  of  this 
field  under  the  following  heads,  viz:  the  distribution  of  the  glacial 
drift,  the  amount  of  erosion  during  the  last  ice  period,  and  the  action 
of  the  sea  upon  the  shores;  afterwards  I  shall  take  up  the  structure 
and  nature  of  the  bed  rocks,  the  variation  in  the  character  of  the 
hornblendic  granitites  which  compose  the  region,  the  various  dike 
stones  which  intersect  it,  the  character,  origin  and  effect  of  the 
joint  planes  and  the  quarry  rifts  of  the  rocks,  and,  lastly,  the  rela¬ 
tions  of  the  region  to  the  anticlinal  axis  of  which  it  forms  a  part. 

The  field  included  in  this  inquiry  at  first  sight  appears  to  present 
little  of  geological  interest  ;  it  has  received  hardly  any  attention  from 
the  geologists  who  have  worked  in  eastern  Massachusetts.  This 
neglect  is  due  to  the  fact  that  the  geologic  structure  of  the  region  is 
relatively  simple.  As  will  be  seen  from  the  geological  map  accom¬ 
panying  this  report,  the  bed  rocks  are  composed  altogether  of  gran¬ 
itites  and  associated  intrusions  of  an  igneous  nature.  The  absence 
of  distinctly  stratified  deposits  gives  a  uniform  aspect  to  its  struct¬ 
ure  and  appears  at  first  sight  to  afford  little  promise  of  important  re¬ 
sults  to  geological  inquiry.  Despite  the  disadvantage  arising  from 
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tlie  lack  of  variety,  this  region  affords  certain  peculiar  advantages  to 
the  student  for  the  prosecution  of  various  inquiries.  The  general 
deforested  condition  of  the  island  of  Cape  Ann,  a  feature  which  is 
shared  in  part  by  the  mainland  division  of  the  area  included  in  this 
report,  enables  the  observer  to  note  certain  peculiarities  in  the  dis¬ 
tribution  of  the  drift  which  are  often  obscured  by  forests  in  other 
parts  of  this  region.  The  extensive  shore  line  and  the  thoroughness 
with  which  the  rocks  near  it  have  been  stripped  of  their  original 
covering  by  the  action  of  the  sea  make  it  possible  to  observe  the 
details  of  structure  of  the  rocks  along  a  section  which  has  a  length 
of  more  than  thirty  miles.  (See  Pis.  XXXII-XXXV.)  As  will  be 
seen  hereafter  in  the  body  of  this  report,  we  are  able  from  a  study 
of  this  section  to  determine  in  a  satisfactory  manner  many  points 
concerning  the  structure  of  the  rocks.  The  extensive  quarries  which 
exist  also  favor  the  prosecution  of  several  inquiries. 

These  favoring  features  made  it  seem  desirable  to  undertake  on  this 
ground  a  careful  study  as  to  the  distribution  of  dikes  in  a  mass  of 
crystalline  rocks,  which,  as  we  shall  see  hereafter,  originally  consti¬ 
tuted  the  foundations  of  a  great  anticline.  The  field  also  seemed 
advantageous  fora  careful  study  of  joint  phenomena  in  their  relation 
to  the  dikes,  and  to  the  strains  which  we  may  assume  to  have  been  de¬ 
veloped  in  the  formation  of  the  anticlinal  ridge.  In  this  connection 
it  also  seemed  well  to  undertake  some  inquiry  into  the  nature  of  the 
rift  or  natural  splitting  planes  which  are  availed  of  by  the  quar- 
rymen  in  the  separation  of  blocks  of  the  granite  from  their  bed.  I 
am  not  aware  that  any  of  these  inquiries  have  ever  been  prosecuted 
in  the  manner  in  which  they  are  considered  in  this  report.  Lastly, 
the  peculiar  composition  of  this  shore  in  relation  to  the  sea  makes 
it  possible  to  study  the  effect  of  ocean  waves  of  great  magnitude  on 
rocks  which,  though  generally  hard,  vary  much  in  the  resistance 
which  they  offer  .to  the  impact  of  the  waves.  No  other  point  on  our 
coast  line  affords  such  opportunities  for  this  inquiry  as  Cape  Ann. 
The  considerable  extent  to  which  this  promontory  projects  into  the 
open  sea  and  the  absence  of  reefs  or  other  barriers  between  it  and 
the  wide  ocean,  together  with  the  deep  water  which  extends  seaward 
from  the  shore,  expose  it  to  more  powerful  surges  than  assail  most 
other  parts  of  our  rock-bound  coast.  As  will  be  seen  in  the  section 
of  this  report  which  deals  with  the  problem  of  marine  action  since 
the  close  of  the  glacial  period,  we  learn  much  from  studying  here 
the  action  of  the  sea. 

The  promontory  of  Cape  Ann  projects  about  twelve  miles  from  the 
general  line  of  the  shore.  It  is  composed  of  two  sections,  an  outer 
part,  made  up  of  the  main  island  which  receives  the  name  of  the  cape, 
and  a  few  small  islets  all  having  a  core  of  bed  rock  more  or  less  en¬ 
veloped  with  detrital  materials,  and  an  inner  section  which,  though 
much  cut  up  by  deep  indentations  of  the  sea,  is  not  completely  sepa- 
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rated  from  the  mainland.  The  outer  portion  of  the  promontory,  to 
which  we  give  the  name  of  the  Island  of  Cape  Ann,  was  at  the  close 
of  the  glacial  period  and  for  some  time  thereafter  completely  separated 
from  the  mainland  by  the  tolerably  deep  inlet  which  bears  the  name 
of  Squam  River.  The  considerable  amounts  of  detrital  matter  borne 
in  by  the  sea  which  have  accumulated  in  the  Gloucester  harbor  have 
in  recent  times  closed  the  southern  extremity  of  this  fiord  by  a  beach 
wall.  Behind  this  wall  the  usual  growth  of  marine  marshes  still 
further  effected  the  closure,  so  that  when  the  country  was  settled 
by  Europeans  there  was  an  isthmus  of  marsh  and  beach  having  a 
width  of  about  one-third  of  a  mile  which  separated  the  waters  of 
Gloucester  harbor  from  those  of  Squam  River.  This  barrier  has  been 
artificially  cut  through  so  as  to  permit  the  passage  of  boats,  and  thus 
the  original  insulated  character  of  the  cape  has  been  restored. 

The  fact  has  been  stated  that  the  whole  of  this  salient  is  much  ex¬ 
posed  to  the  action  of  the  ocean  surges.  An  inspection  of  the 
soundings  given  on  Coast  Survey  Chart  No.  109  shows  that  they 
rapidly  and  somewhat  uniformly  descend  from  the  shore  line  to¬ 
wards  deep  water.  The  ten-fatliom  line  is  generally  found  at  a  dis¬ 
tance  not  exceeding  a  mile  from  the  shore,  and  at  several  places, 
particularly  near  Eastern  Point  and  near  the  northern  promontories 
of  the  island,  it  comes  to  within  less  than  half  a  mile  of  the  shore. 
The  contouring  line  drawn  on  the  soundings  of  twenty  fathoms  is  at 
no  point  more  than  two  and  a  half  miles  from  the  shore  of  the  main 
island  and  generally  is  not  much  more  than  one  and  a  half  miles 
from  its  margin.  Beyond  the  twenty-fathom  line  the  bottom  de¬ 
scends  steadily  to  the  depth  of  from  twenty-five  to  fifty  fathoms, 
these  depths  being  generally  attained  at  distances  of  not  more  than 
four  miles  from  the  coast.  A  comparison  of  the  position  of  our 
shore  with  reference  to  deep  water  will  make  it  plain  that  these 
features  of  the  bottom  favor  the  action  of  ocean  waves  on  this  part 
of  the  coast,  and  therefore  fit  the  shore  to  be  the  seat  of  special  in¬ 
quiry  on  this  point. 

GENERAL  GEOGRAPHIC  AND  GEOLOGIC  RELATIONS  OF  THE  CAPE 

ANN  DISTRICT. 

The  island  of  Cape  Ann  is  composed  altogether  of  three  classes  of 
rocks — an  original  field  of  the  nature  formerly  known  as  syenites, 
rocks  now  designated  by  petrographers  under  the  name  of  hornblen- 
dic  granitites,  which  occasionally  approach  a  true  granitic  char¬ 
acter.  These  granitites,  as  we  shall  afterwards  show,  probably  rep¬ 
resent  a  succession  of  dislocatory  movements  partially  due  to  true 
injections  and  in  part  to  faulting,  the  variations  in  the  character  of 
the  crystalline  matter  being  due  in  the  main  to  these  displacements. 

Through  these  granitic  bed  rocks,  which  compose  about  nine-tenths 
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of  the  foundations  of  the  district,  extend  very  numerous  dikes.  As 
will  be  seen  on  the  map,  considerable  portions  of  the  shore  line  are 
so  far  penetrated  by  these  intrusions  that  more  than  one-tenth  of 
the  surface  is  occupied  by  them.  Unfortunately  for  the  completion 
of  the  observations,  the  internal  area  of  Cape  Ann  as  well  as  of  the 
neighboring  mainland  is  pretty  deeply  and  evenly  covered  by  glacial 
drift,  more  than  three-fourths  of  those  areas  being  hidden  from 
view.  All  the  evidence,  however,  goes  to  show  that  the  proportion 
of  dike  stones  to  the  common  granites  is  quite  as  extensive  in  the 
interior  and  drift-covered  areas  as  it  is  along  the  extended  shore 
line. 

On  top  of  the  bed  rocks  we  have,  as  before  remarked,  an  extended 
sheet  of  drift  deposits  distributed  with  greater  uniformity  than 
along  any  other  portion  of  our  shore  known  to  me.  As  will  be  seen 
hereafter  when  we  come  to  set  forth  the  results  of  special  study  on 
this  drift  deposit,  it  consists  mainly  of  frontal  moraine  or  material 
which  lias  been  shoved  forward  at  the  front  of  the  ice  sheet. 

In  none  of  its  geological  features,  neither  in  its  bed  rocks  nor  in 
the  injected  materials  nor  in  the  drift,  does  the  region  of  Cape  Ann 
have  an  individual  character.  The  granitites  which  appear  and  which 
constitute  the  greater  part  of  the  region  are  essentially  like  those 
occurring  all  about  the  borders  of  Massachusetts  Bay.  With  slight 
exceptions  the  dike  stones  are  paralleled  by  others  found  in  various 
parts  of  eastern  Massachusetts.  The  morainal  accumulations  are 
but  fragments  of  a  large  field  in  which  these  deposits  occur.  The 
peculiar  advantage  of  this  district,  that  which  has  led  me  to  make 
it  the  subject  of  a  memoir,  is  found  in  the  fact  that  several  geologic 
features  exhibited  there  are  better  placed  for  inquiry  than  elsewhere. 
It  will  be  evident  from  an  inspection  of  the  maps  that  the  Cape  Ann 
promontory  is  formed  by  the  northeastern  projection  of  a  ridge  of 
crystalline  rocks,  generally  syenitic,  extending  from  near  Dedham, 
Mass. ,  in  a  northeasterly  direction,  until  cut  off  by  the  sea.  To  the 
northwest  and  to  the  southeast  of  this  extended  axis  we  have  rocks 
of  a  less  crystalline  nature  verging  upward  into  distinctly  sedi¬ 
mentary  deposits.  On  the  south  side  of  Boston  Bay,  extending  from 
Nantasket  in  a  southwesterly  direction,  we  have  a  similar  axis;  the 
two  are  obscurely  united  at  their  southwestern  extremity  in  the 
highlands  and  peaks  of  the  Blue  Hills,  which  attain  a  considerable 
altitude. 

The  general  structure  of  these  ridges  makes  it  clear  that  they  are 
in  their  nature  anticlines,  and  that  the  Blue  Hills  district  is  situated 
at  the  southeastern  extremity  of  the  trough  which  is  inclosed  be¬ 
tween  them,  thus  forming  what  we  may  term  the  node  of  the  anti¬ 
cline.  Between  these  two  anticlines,  within  which  lies  Boston  Bay, 
we  have  a  much  disturbed  syncline,  the  only  portion  of  which  open 
to  investigation  lies  in  and  about  the  city  of  Boston.  The  greater 
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portion  of  this  syncline  has  been  entirely  cut  away  by  erosive  action, 
by  the  work  of  rivers,  by  the  action  of  the  sea,  and  in  larger  meas¬ 
ure  by  the  erosive  power  of  glacial  ice.  So  profound  has  been  this 
erosion,  that  it  has  not  only  destroyed  the  greater  part  of  the  sedi¬ 
mentary  deposits  down  to  the  water-level,  but  it  has  also  removed  a 
considerable  portion  of  the  plutonic  rocks  which  were  thrust  up  be¬ 
neath  the  old  anticlines,  at  the  same  time  stripping  off  all  the  newer- 
bedded  rocks  which  originally  lay  upon  their  surface. 

It  is  also  evident  that  profound  faulting  attended  the  formation  of 
this  syncline,  accompanied  by  a  considerable  development  of  minor 
folds  within  the  field  occupied  by  the  syncline  itself.  Through  these 
faults  extensive  extrusions  of  igneous  rock  took  place,  in  part  in  the 
form  of  dikes  and  in  part  in  the  form  of  more  superficial  flows,  the 
remains  of  which  are  still  found  in  a  profoundly  eroded  condition  in 
the  porphyries  and  felsites  of  Lynn  and  in  the  similar  rocks  and  ac¬ 
companying  ash-beds  of  Cohasset.  From  what  is  left  of  the  old  syn¬ 
cline  we  may  fairly  arrive  at  the  conclusion  that  only  the  southeast¬ 
ern  extremity  of  this  trough  has  been  preserved  to  the  present  day. 
By  far  the  greater  part  of  its  area  has  been  deeply  eroded  and  is  hid¬ 
den  beneath  the  surface  of  the  sea,  in  part  covered  over  by  recent 
accumulations  of  sediment.  We  shall  consider  the  history  of  this 
erosion  when  we  come  to  treat  of  the  recent  abrasion  which  has  taken 
place  on  the  surface  of  Cape  Ann. 

GENERAL  FORM  OF  CAPE  ANN  ANTICLINE. 

Turning  now  to  the  general  form  of  the  Cape  Ann  anticline,  as  we 
shall  hereafter  term  it,  we  find  that  it  consists  of  a  somewhat  irregu¬ 
lar  ridge  having  an  average  width  of  about  ten  miles.  On  the  north 
this  ridge  is  bordered  by  lowland  worn  in  the  softer  rocks  which  lie 
upon  its  north  side,  and  occupied  in  the  main  by  the  drainage  of  the 
Charles,  the  Mystic,  the  Saugus,  and  the  Ipswich  Rivers.  The  de¬ 
limitation  of  the  ridge  on  the  north  is  by  no  means  distinct;  it  is, 
however,  sufficiently  clear  to  give  a  certain  accent  to  it  on  that  side. 
On  the  south  side  it  is  bordered  by  the  waters  of  Boston  Bay. 

The  surface  of  this  anticline,  though  originally  united,  is  now 
much  divided  by  a  number  of  tolerably  deep  valleys,  some  of  which 
attain  to  the  level  of  the  sea.  The  southernmost  of  these,  that  of 
Charles  River,  attains  very  nearly  to  the  sea  level,  the  highest  point 
of  the  ridge  where  it  is  crossed  by  the  stream  being  not  more  than 
fifty  feet  above  tide  mark.  The  Mystic  also  forms  a  deep  excavation 
through  the  anticline;  the  Saugus  River,  though  its  headwaters  do 
not  extend  beyond  the  limits  of  the  ridge,  deeply  divides  it.  From 
Manchester  to  Essex  another  depression  appears  in  the  axis  which 
attains  almost  to  the  level  of  high  tide,  and  the  fiord  which  separates 
Cape  Ann  from  the  mainland  extends,  save  for  the  postglacial  de- 
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bris  which  has  accumulated  in.it,  to  a  considerable  depth  below  the 
water  line.  These  several  troughs  owe  their  existence  to  pre-glacial 
streams  and  in  larger  share  to  the  work  of  the  ice  during  the  last 
glacial  periods.  Besides  these  conspicuous  meridional  valleys  we 
find  many  others  having  the  same  general  trend  and  probably  to 
be  explained  in  the  same  manner,  through  the  action  of  glacial  ice 
operating  on  rocks  which  were  mechanically  weak. 

Besides  the  above-mentioned  valleys  this  region  exhibits  another 
series  of  depressions,  less  conspicuous  because  they  are  not  to  the 
same  extent  occupied  by  water,  but  on  the  whole  equally  note¬ 
worthy.  These  valleys  extend  in  the  direction  of  the  anticline 
itself,  having  a  general  trend  of  about  1ST.  10°  to  20°  E,,  S.  10°  to  20°  W. 
(See  Pis.  XXXVI,  XXXVII.)  Although  tolerably  evident  in  every 
part  of  this  ridge,  these  valleys  are  most  conspicuous  in  the  region  in 
and  about  Cape  Ann.  On  this  island  they  give  more  expression  to 
the  surface  than  any  other  elements  of  its  topography.  With  the 
map  of  the  island  before  him  the  reader  will  perceive  that  the  Cape 
is  in  good  part  divided  into  two  regions  by  the  deep  indentation  of 
Gloucester  harbor  and  a  corresponding  indent  known  as  Sandy  Bay. 
Between  these  two  depressions,  each  of  which  has  a  length  of  several 
miles,  the  surface  of  the  Cape  is,  save  for  the  encumbering  envelope 
of  drift,  much  lower  than  along  the  other  part  of  its  area.  If  it  wei^e 
depressed  fifty  feet  below  its  present  level,  although  but  a  small  part 
of  its  surface  would  be  submerged,  a  nearly  complete  channel  would 
be  formed  extending  from  Rockport  to  Gloucester,  and  Eastern  Point 
would  be  cut  off  from  the  main  island.  Besides  this  most  consider¬ 
able  northeast  and  southwest  valley,  there  are  several  others  approxi¬ 
mately  parallel  to  it  on  different  parts  of  the  island  and  on  the  neigh¬ 
boring  mainland.  One  of  these  extends  from  the  indentation  just 
west  of  Halibut  Point,  known  as  Folly  Cove,  for  a  distance  of  more 
than  two  miles  into  the  body  of  the  island.  It  is  possibly  protracted 
across  the  intervening  space  to  Squam  River  near  Riverdale,  though 
in  its  central  portions  it  is  almost  completely  effaced  by  the  thick 
deposits  of  morainal  matter. 

The  last-named  group  of  valleys  has  an  origin  which  is  not  as 
simple  as  those  which  extend  in  a  northwest  and  southeast  direction. 
In  part  they  are  due  to  glacial  erosion  on  portions  of  the  strata  which 
are  mechanically  weak.  As  will  be  seen  by  the  map,  certain  belts 
of  dikes  containing  the  most  numerous  and  characteristic  of  these 
intrusions  have  the  same  course  as  these  valleys.  It  is  likely  that 
the  resistance  of  the  rocks  to  glacial  erosion  was  considerably  dimin¬ 
ished  along  the  lines  which  they  occupy,  and  that  in  part  the  devel¬ 
opment  of  valleys  is  due  to  this  cause;  in  part  also  they  may  be 
attributed  to  a  totally  different  origin.  The  direction  of  the  mo¬ 
rainal  fronts  corresponds  approximately  to  that  of  these  valleys. 
The  morainal  matter  is  arranged  in  successive  ridges  roughly  par- 
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allel,  the  intervening  valleys  having  often  the  same  general  charac¬ 
ter  as  the  troughs  produced  by  the  erosion  of  the  bed  rock. 

Besides  the  northwest  and  southeast  valleys  which  are  evident  in 
the  topography  of  the  country,  it  is  clear  that  there  is  at  least  one 
other  beneath  the  level  of  the  sea  lying  in  the  space  between  the 
Salvages  and  the  eastern  shore  of  Cape  Ann.  Yet  another  more  ob¬ 
scurely  indicated  lies  between  Straitsmouth  Island  and  Gap  Head, 
being  continued  southwardly  between  Thatcher’s  Island  and  Milk 
Island.  Judging  from  the  soundings,  it  appears  likely  that  there  are 
other  north  and  south  troughs  partially  effaced  by  sediments  on  the 
sea  floor  farther  out  from  the  shore.  One  such  appears  about  three 
miles  east  of  Straitsmouth  Island  and  yet  others  farther  out  to  sea. 
The  insufficiency  of  the  soundings,  which,  though  numerous  enough 
to  serve  the  needs  of  the  navigator,  do  not  meet  those  of  the  geolo¬ 
gist,  makes  it  impossible  to  determine  with  accuracy  the  form  of  these 
interesting  troughs. 

The  soundings  also  indicate,  though  obscurely,  the  extension  of 
the  Cape  Ann  ridge  for  ten  miles  or  more  eastward  of  its  present 
limit.  The  ridge  which  appears  to  represent  the  submarine  contin¬ 
uation  of  the  Cape  is  much  lower  and  more  rounded  than  the  por¬ 
tion  of  the  anticline  which  lies  above  the  water  level,  but  the  dis¬ 
tance  between  the  soundings  is  so  great  that  a  basis  for  precise  con¬ 
clusions  can  not  be  secured. 

The  height  of  the  anticlinal  ridge  which  includes  the  district  of 
Cape  Ann  is  remarkably  uniform.  The  most  elevated  part  of  it 
does  not  lie  within  the  field  we  are  considering,  but  is  found  at  Bear 
Hill,  in  the  township  of  Stoneliam,  where  it  is  about  four  hundred 
feet  above  the  level  of  the  sea.  Within  the  limits  of  Cape  Ann  the 
highest  point  is  about  two  hundred  feet  above  the  sea  level.  The 
depths  of  fiord-like  indentations  which  extend  '  in  a  northwest  and 
southeast  direction  is  not  accurately  determined,  but  probably  at  no 
point  does  it  exceed  one  hundred  feet  below  the  ocean  level.  At 
first  I  was  disposed  to  consider  this  uniformity  in  height  as  due  to 
the  likeness  of  glacial  action  on  different  parts  of  the  surface.  Fur¬ 
ther  inquiry  has  convinced  me  that  it  is  to  be  explained  by  the 
operation  of  the  sea  in  the  former  geologic  periods,  when  it  was  at  a 
somewhat  higher  level  than  at  present.  All  along  our  coast  we 
have  more  or  less  clear  indications  of  a  great  planing  agent,  which 
has  cut  off  the  summits  of  the  mountains  back  a  distance  of  scores 
of  miles  from  the  present  shore  line,  reducing  the  surface  to  some¬ 
thing  like  a  general  level,  leaving  a  few  isolated  peaks  here  and  there 
upon  the  bench.  The  level  of  this  bench  varies  on  different  parts 
of  the  shore.  In  Massachusetts  it  ranges  from  the  present  level  up 
to  the  height  of  about  four  hundred  feet.  In  Virginia  this  marine 
bench  is  more  distinct  than  in  New  England,  for  the  reason  that  its 
aspect  has  been  less  affected  by  glacial  action. 

9  GEOL - 35 
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Owing  to  the  action  of  the  sea  in  former  times  at  higher  levels, 
the  mountains  of  the  coast  belt,  though  having  as  much  geological 
relief  as  those  of  the  interior  region,  have  been  deprived  of  their 
topographic  value  and  are  planed  down  to  the  very  roots. 

NATURE  AND  DISTRIBUTION  OF  DRIFT  DEPOSITS. 

The  drift  deposits  of  this  region,  though  in  general  character  much 
like  those  found  in  the  neighboring  districts,  presents  some  interest¬ 
ing  peculiarities.  The  whole  of  the  central  field  of  the  island  of  Cape 
Ann  and  the  neighboring  portions  of  the  mainland  included  in  this 
report  is  covered  with  a  coating  of  frontal  moraine  somewhat  irregu¬ 
larly  distributed  but  generally  attaining  a  considerable  depth.  Here, 
as  generally  elsewhere,  the  accumulations  consist  of  three  elements: 
shoved  material,  or  that  which  has  been  urged  forward  in  the  advance 
of  the  ice  sheet  as  the  soil  is  carried  onward  in  front  of  a  scraper. 
(See  Plates  XXXVIII,  XXXIX,  XL,  XLI.)  Around  this  shoved 
matter,  or  that  which  owed  its  transportation  to  the  advancing  ice 
front,  we  find  accumnlation  of  finer  material  arranged  in  the  form  of 
kames.  (See  PI.  XLII.)  Yet  farther  from  the  former  face  of  the 
ice  lie  sheets  of  sand  arranged  so  as  to  afford  a  tolerably  horizontal 
surface  to  which  I  have  given  the  name  of  “frontal  aprons.”  On  top 
of  the  shoved  moraine,  and  for  some  distance  back  of  its  line,  we  find 
deposits  which  have  received  the  name  of  “  ground  moraine,”  com¬ 
posed  of  materials  originally  contained  in  the  body  of  the  ice  which 
at  the  time  of  its  melting  dropped  upon  the  surface.1 

SHOVED  MORAINES. 

The  frontal  or  shoved  moraine  material  within  the  limits  of  the 
island  of  Cape  Ann  is  remarkably  thick,  having  on  the  average  a 
depth  exceeding  fifty  feet,  and  at  some  points  possibly  exceeding 
one  hundred  and  fifty  feet.  (See  PI.  XL1II.)  It  is  arranged  in  the 
form  of  rudely  parallel  ridges,  which  extend  from  X.  25°  to  40°  E. 
and  S.  25°  to  40°  W.  These  ridges  are  very  broad  and  the  valleys 
between  them  by  no  means  distinct.  In  most  cases  they  appear  to 
be  thickest  on  the  summits  of  the  low  elevations  of  granitite,  which 
are  separated  from  each  other  by  the  valleys  which  we  have  already 
described.  The  surface  of  these  morainal  ridges  is  very  irregular, 
being  cast  in  the  mammelate  form  so  common  in  such  accumulation. 
(See  PI.  XLI.)  The  most  remarkable  feature  observable  in  this  mo¬ 
rainal  matter  is  the  extreme  abundance  of  large  erratics  which  it 
contains.  (See  Figs.  44,  45.)  These  great  bowlders  are  so  abundant 
that  over  most  of  the  surface  occupied  by  the  shoved  moraine  they 
make  all  tillage  impossible.  Indeed,  on  a  large  part  of  the  area  it  is 


'Geology  of  Martha’s  Vineyard,  N.  S.  Shaler,  Seventh  Ann,  Rent.  IJ.  S.  Geol.  Si  r- 
vey,  1886-’87,  p.  814. 
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difficult  to  find  a  place  to  set  the  foot  between  the  closely  packed  er¬ 
ratics.  In  the  most  of  the  morainal  matter  the  proportion  of  bowld¬ 
ers  exceeding  one  foot  in  diameter  amounts  to  not  less  than  one-half 
the  total  mass.  At  certain  points  the  percentage  of  the  large  erratics 
is  so  increased  that  there  is  no  fine  material  to  fill  their  interspaces; 
the  result  is  that  the  heap  remains  open,  presenting  cavities  which 
extend  in  many  cases  to  the  depth  of  twenty  feet  or  more  below  the 
surface,  the  whole  mass  appearing  in  the  landscape  like  the  ruins  of 
Cyclopean  masonry.  (See  PL  XXXIX.) 

Wherever  the  seeds  of  trees  could  have  found  soil  enough  to  afford 
them  root  vegetable  waste  has  filled  the  hollows  between  the  stones 
and  masked  the  position  of  many  parts  of  this  open-textured  mo¬ 
raine.  Nevertheless  a  considerable  part  of  the  accumulation,  which 
I  have  estimated  amount  to  one-fiftieth  of  the  whole,  remains  com¬ 
pletely  without  vegetable  coating  except  for  the  lichens  which  have 
found  place  upon  the  erratics. 

FORM  OF  DRIFT  DEPOSITS. 

Returning  to  our  consideration  of  the  general  form  exhibited  by 
these  deposits,  we  note  that  the  southern  part  of  each  division  of  the . 
shoved  moraine  appears  to  be  steeper  and  more  stony  than  the 
northern  part.  (See  Pis.  XL,  XLI.)  This  is  probably  due  to  the 
overriding  of  the  moraine  in  the  frequent  slight  advances  of  the 
glacier,  and  in  part  to  the  washing  of  the  sediments  from  the  ice 
front  upon  the  slope  of  the  moraine  as  it  was  abandoned  in  the  proc¬ 
ess  of  glacial  retreat. 

On  the  northern  exposed  face  of  the  moraine,  the  boundary  between 
that  accumulation  and  the  surface  of  the  bed  rocks  is  tolerably  sharp. 
The  partition  between  the  two  areas  is  generally  indicated  by  a  de¬ 
pression,  in  which  lies  a  series  of  swamps.  This  depression  is  on  an 
average  ten  to  twenty  feet  in  depth  and  has  a  width  of  several  hun¬ 
dred  feet.  North  of  this  trough  there  are  occasional  patches  of 
what  appears  to  be  shoved  moraine  material;  but  the  greater  portion 
of  the  "Incomplete  sheet  of  detritus  apparently  has  the  nature  of 
ground  moraine  or  that  which  was  formed  when  the  melting  ice 
dropped  its  debris  on  the  surface.  At  no  point  have  I  observed  this 
accumulation  having  a  thickness  of  more  than  five  or  ten  feet,  and 
the  materials  generally  occupy  less  than  half  of  the  bed-rock  surface. 

Although  the  shoved  moraine  occupies  about  three-fourths  of  the 
area  of  the  island  of  Cape  Ann,  the  district  contains  representatives 
of  the  other  structures  which  were  formed  on  the  front  of  the  ice. 
The  kame  deposits  are  rare;  they  are  mainly  found  either  upon  the 
southern  portion  of  the  island  of  Cape  Ann  and  the  neighboring 
mainland  or  on  a  narrow  strip  along  the  northern  coast.  The  origin 
of  these  kame  deposits  can  readily  be  explained,  provided  we  accept 
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the  hypothesis  concerning  their  origin  which  I  have  elsewhere  pre¬ 
sented.'  This  hypothesis  is.  in  brief,  as  follows:  From  beneath  the 
ice  mass  there  came  forth  many  streams  of  flowing  water,  bearing 
with  them  great  quantities  of  detrital  matter.  At  the  time  when 
these  streams  flowed  the  base  of  the  ice  was  considerably  beneath 
the  present  level  of  the  sea.  On  the  floor  of  that  sea,  immediately 
in  front  of  the  glacier,  the  whirling  currents,  originated  in  the  ocean 
waters  by  the  swift-flowing  glacial  streams,  formed  the  peculiarly 
distributed  mounds  and  valleys  of  stratified  debris  which  we  note  as 
kames.  These  subglacial  streams  were  rare  on  the  part  of  Cape  Ann 
which  is  now  above  the  ocean  level,  for  the  reason  that  they  were 
drawn  away  into  the  deep  valleys  which  lie  east  and  west  of  its  ele¬ 
vated  mass.  We  know  by  the  facts  exhibited  elsewhere  that  sub¬ 
glacial  streams,  though  occasionally  appearing  along  all  parts  of  the 
ice  front,  are  most  likely  to  find  their  channels  in  the  depressions  of 
the  surface  which  lie  beneath  that  front.  Thus  the  kame  deposits 
were  probably  accumulated  on  territory  which  now  lies  beneath  the 
surface  of  the  sea. 

In  front  of  the  kames  normally  conies  the  moranial  apron  which  is 
so  well  developed  in  southern  New  England.  This  apron  is  scantily 
exhibited  for  the  same  reason  that  led  to  the  paucity  of  the  kame  de¬ 
posits.  The  materials  which  compose  it  were  borne  to  their  posi¬ 
tion  by  the  waters  from  beneath  the  ice,  and  therefore  where  the 
kames  are  poor  the  apron  will  be  imperfect. 

Traces  of  this  frontal  apron  exist  along  the  southern  shore  of  Cape 
Ann,  especially  near  Gloucester  and  in  the  part  of  the  island  which 
lies  east  of  that  town.  The  traces  are  so  imperfect  that  they  would 
escape  the  attention  of  the  geologist  who  encountered  such  struct¬ 
ures  for  the  first  time  in  this  field.  The  topography  of  the  sea  bot¬ 
tom  south  and  east  of  Cape  Ann  indicates  a  general  slope  reaching 
outward  for  some  distance  from  the  shore.  I  have  no  doubt  that  the 
frontal  apron  determines  the  uniformity  of  this  slope,  as  it  mani¬ 
festly  does  that  of  the  sea  bottom  south  of  Nantucket  and  Martha’s 
Vineyard,  where  a  wonderfully  developed  frontal  apron  may  be 
seen  to  pass  below  the  plane  of  the  sea. 

As  before  remarked,  the  north  shore  of  the  island  exhibits  some 
deposits  of  kame  materials  and  perhaps  some  faint  indications  of 
frontal  moraine.  It  is  probable  that  these  structures  represent  the 
work  of  the  ice  when  in  its  northward  retreat  it  paused  for  a  mo¬ 
ment  on  the  portion  of  the  surface  which  lies  below  the  level  of  the 
sea  beyond  the  shores  of  Cape  Ann  and  there  constructed  a  frontal 
moraine  with  its  corresponding  kame  and  apron  deposits. 

As  a  whole  the  kame  deposits  of  Cape  Ann  form  an  imperfect 
fringe,  extending  from  Andrews  Point  westward  as  far  as  Annis- 
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quam  up  to  the  part  of  the  island  which  lies  next  to  that  inlet  and 
thence  to  Eastern  Point.  Faint  traces  of  such  accumulations  lie  on 
Eastern  Point  and  back  of  Long  Beach.  Deposits  of  this  nature 
are,  however,  distinctly  more  abundant  on  the  western  versant  of  the 
island  than  on  the  eastern. 

Generally  the  stratified  elements  of  glacial  accmulations  do  not 
rise  more  than  sixty  feet  above  the  sea  level.  They  are  hardly 
traceable  in  any  continuity  above  the  level  of  40  feet;  but  at  a  few 
points  they  extend  in  an  obscure  form  nearly  to  the  summit  of  the 
great  moraines.  On  Dogtown  Commons  several  of  these  areas  of 
kame  deposits  were  during  the  period  in  which  this  district  was  in¬ 
habited  brought  into  the  state  of  tilled  fields,  and  now  appear  as 
samll  pasture  lands  destitute  of  bowlders.  In  part  this  destitution 
is  due  to  the  fact  that  the  occasional  bowlders  obstructing  the  plow 
were  removed.  These  high-lying  benches  of  stratified  drift  material 
probably  indicate  points  where  small  subglacial  streams  emerged 
during  the  process  of  the  retreat  of  the  ice,  bringing  forth  a  quan¬ 
tity  of  detrital  matter  and  depositing  it  upon  the  surface  of  the 
shoved  moraine  at  a  time  when  the  mass  lay  below  the  level  of  the 
sea.  (See  PI.  XL V.) 

SERPENT  KAMES. 

Usually  included  among  kames  are  those  peculiar  forms  of  the 
drift  deposits  often  known  in  New  England  as  Indian  ridges,  and  to 
which  I  have  provisionally  given  the  name  of  “serpent  kames,”  for 
the  reason  that  they  are  usually  serpentiform  in  their  general  shape, 
singularly  recalling  the  artificial  snake  mounds  of  the  West.  Like 
the  kames,  they  are  composed  of  more  or  less  stratified  materials,  and 
in  certain  cases  they  appear  in  positions  which  clearly  indicate  that 
in  some  way  they  are  related  in  origin  to  the  ordinary  kettle  kames.1 

There  is  but  one  distinct  serpent  kame  known  to  me  in  the  field 
that  we  are  considering.  It  lies  on  the  eastern  portion  of  the  island 
of  Cape  Ann,  near  Rockport,  on  either  side  of  the  valley  traversed 
by  the  railway  and  about  twelve  hundred  feet  southwest  of  the  ter¬ 
minus  of  that  road.  Its  position  is  shown  on  the  map.  (See  Plates 
XXXVII,  XXXVIII). 

In  many  respects  this  serpent  kame  is  the  most  interesting  in 
this  country.  Its  total  length  is  not  far  from  one  thousand  feet, 
but  a  portion  of  it  lies  on  either  side  of  the  steep  valley  where  it  is 
found.  The  general  position  of  the  mass  is  indicated  in  the  accom¬ 
panying  plate. 

'It  is  likely  that  the  Scandinavian  “  escar”  is  akin  to  our  serpent  kames,  but  as 
some  deposits  which  have  received  that  name  are  probably  in  their  nature  drum- 
lins,  that  is  to  say,  masses  of  till  which  have  been  shaped  beneath  the  ice  by  the 
process  of  its  movement,  it  seems  to  me  best  for  the  present  at  least  to  abandon 
the  use  of  that  term. 
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The  central  portion  of  the  deposit  has  been  in  part  cnt  away  by 
the  action  of  the  small  stream  which  traverses  the  valley;  in  part  it 
probably  owes  its  destruction  to  the  former  action  of  the  sea  at  this 
level.  This  is  the  more  likely  from  the  fact  that  distinct  though 
weakly  developed  terraces  occupy  a  portion  of  the  valley  at  a  height 
where  the  serpent  kame  is  destroyed. 

I  am  disposed  to  hold,  with  other  glacialists  who  have  considered 
this  problem,  that  the  serpent  kames  have  been  formed  in  the  fol¬ 
lowing  manner:  The  outflowing  glacial  stream  excavated  channels 
within  the  ice  which  they  kept  free  as  long  as  the  currents  were 
strong  enough  to  scour  their  channels.  In  the  closing  stages  of  the 
ice  sheet,  while  the  front  was  no  longer  advancing  or  perhaps  in¬ 
clined  to  retreat,  these  arches  were  filled  in  by  material  borne  by  the 
diminished  currents.  This  moraine  gives  us  a  better  view  of  the  con¬ 
dition  of  these  channels  than  we  obtain  elsewhere.  We  perceive 
that  they  are  closely  molded  to  the  surface,  and  also  that  they  could 
be  imposed  upon  considerable  thickness  of  ordinary  morainal  drift. 

DRUMLINS. 

Besides  the  ordinary  frontal  deposits  above  noted,  we  have  in  this 
district  a  solitary  representative  of  another  class  of  glacial  deposits, 
viz,  that  of  drumlins.  This  single  drumlin  lies  near  Rockport  and 
is  known  as  Pigeon  Hill.  (See  PI.  XLVI.)  It  is  a  remarkably  good 
example  of  its  class,  and  appears  in  very  striking  contrast  to  the 
surrounding  topography.  Rising  to  the  height  of  about  two  hun¬ 
dred  feet  above  the  level  of  the  sea,  it  has  a  very  symmetrical  lentic¬ 
ular  form,  departing  from  that  outline  only  on  its  southern  side,  where 
there  is  a  peculiar  benching.  Unlike  the  shoved  frontal  moraine, 
which  lies  about  it,  this  ridge  is  composed,  as  is  usual,  entirely  of 
these  structures  of  very  compact  till  in  which  the  proportion  of  clay 
is  large  and  the  mass  extremely  compact.  Its  surface  was  originally 
covered  by  the  coating  of  ordinary  ground  moraine,  containing  many 
bowlders,  which  have  been  removed  in  order  to  fit  it  for  tillage. 

The  origin  of  these  peculiar  masses  of  compact  till  occurring  in 
the  form  of  drumlins  is  still  a  matter  of  debate  among  geologists. 
I  venture  to  suggest  the  hypothesis  that  they  are  to  be  accounted 
for  in  the  following  manner:  During  the  first  stage  of  the  Glacial 
Period  the  ice  sheet  had  a  very  much  greater  extension  than  during 
the  second'  portion  of  the  Glacial  Period.  When  at  the  close  of 
the  first  stage  the  ice  retreated,  it  left  upon  the  surface  irregular 
but  in  places  extremely  thick  deposits  of  till.  During  the  interval 
between  the  first  and  second  stages  of  the  period  the  southern  part 
of  New  England  remained  for  a  long  time  free  from  ice.  Dur¬ 
ing  this  time  the  till  deposit  left  upon  the  surface  was  much 
eroded,  perhaps  by  the  action  of  the  sea,  in  part  doubtless  by  river 
action.  When  the  second  advance  of  the  ice  came  to  repossess  the 
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surface,  it  wore  away  a  large  part  of  the  till  formed  during  the 
first  period,  leaving  the  remains  of  it  carved  in  the  characteristic 
form  of  our  drumlins.  It  is  obvious  that  these  drumlins  or  lenticular 
hills  have,  as  the  latter  name  indicates,  precisely  the  form  which  is 
given  by  the  action  of  the  ice  to  any  resisting  materials  of  uniform 
hardness  over  which  it  moves.  Thus  in  the  Adirondacks,  and  else¬ 
where  where  rocks  of  uniform  hardness  exist  over  considerable 
fields,  we  find  that  glacial  action  shapes  their  forms  so  that  at  a  little 
distance  they  are  readily  mistaken  for  drumlins. 

If  this  view  be  correct,  Pigeon  Hill  is  a  solitary  remnant  of  the 
original  till  of  the  first  stage  of  the  Glacial  Period,  the  remainder  of 
that  deposit  having  been  worn  away  by  the  later  action  of  the  ice 
or  entirely  covered  beneath  the  thick  deposits  of  shoved  moraine. 

The  outline  of  the  shoved  and  ground  moraine  in  other  parts  of 
the  island  leads  me  to  suspect  that  there  are  several  other  remnants 
of  this  ancient  till  so  far  buried  beneath  the  subsequent  deposits  that 
their  existence  can  only  be  conjectured. 

A  little  observation  will  show  the  student  that  nearly  the  whole 
of  the  true  frontal  moraines  in  this  district  have  a  somewhat  drumloid 
aspect.  Each  of  the  moraines  is  composed  of  closely  crowded  hills, 
the  bases  of  which  are  conjoined.  Looking  at  these  elevations  from 
the  east  and  west,  we  perceive  that  they  have  the  general  shape  of 
lenticular  hills;  the  curves  are  not  as  finished  as  those  of  Pigeon  Hill 
or  other  normal  deposits  of  this  nature,  but  they  are  of  the  same 
general  form.  In  many  cases  if  the  encumbering  masses  of  great 
bowlders  were  removed  the  likeness  to  drumlins  would  be  even 
clearer  than  it  is  at  present. 

The  rounded  aspect  of  these  projections  of  the  central  moraine 
is  probably  to  be  explained  in  essentially  the  same  way  as  that  by 
which  we  have  endeavored  to  account  for  the  drumlin  proper.  As 
is  well-known,  the  front  of  the  glacier  is  always  instable  in  its  po¬ 
sition,  and  a  peculiar  measure  of  instability  appears  to  characterize 
this  marginal  part  of  the  glaciers  belonging  to  the  continental  type. 
We  may  therefore  assume  that  the  cliff-like  front  of  the  ice  again 
and  again  advanced  and  receded  in  its  position,  and  at  each  forward 
movement  there  must  have  been  a  certain  erosion  of  the  deposits 
which  were  accumulated  during  the  preceding  advances.  Although 
this  feature  is  not  very  recognizable  in  the  case  of  this  moraine,  it 
is  remarkably  evident  in  the  Martha’s  Vineyard  moraine,  where  the 
overlying  of  the  drift  deposits  in  successive  advances  is  extremely 
conspicuous. 1 


1  Geology  of  Martha’s  Vineyard,  Seventh  Ann.  Rept.  U.  S.  Geol.  Survey. 
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COMPOSITION  AND  NATURE  OF  GLACIAL  MATERIALS. 

Tlie  composition  and  nature  of  the  materials  in  the  glacial  deposits 
next  deserve  our  attention.  Turning  first  to  the  shoved  moraine,  we 
notice  in  the  first  place  that  the  clay  element  so  common  inmost 
glacial  deposits  exists  in  very  small  proportion  in  these  accumula¬ 
tions.  The  whole  of  the  mass  has  the  washed  appearance  which  in¬ 
dicates  the  extensive  action  of  water  at  the  time  of  its  deposition,  an 
action  which  has  resulted  in  removing  not  only  the  clay  proper,  but 
also  a  very  large  part  of  the  fine  sand.  Whatever  be  the  nature  of 
the  rocks  on  which  a  glacial  sheet  operates  a  very  large  portion  of 
the  detrital  matter  is  reduced  to  the  fineness  of  clay  and  sand.  Ob¬ 
serving  the  eroded  surfaces  in  this  vicinity,  we  find  that  not  less  than 
three-fourths  of  the  material  removed  from  them  has  come  from  the 
scratches  and  the  polishing  which  the  ice  applied  to  the  surface,  and 
not  more  than  one-tenth  from  the  plucking  out  of  large  bowlders  such 
as  now  compose  at  least  half  of  the  shoved  moraine  on  this  island 
and  the  neighboring  parts  of  the  mainland.  This  forces  us  to  the 
conclusion  that  the  shoved  moraine  does  not  include  all  of  the  ma¬ 
terial  taken  from  the  rocks  over  which  the  ice  moved,  but  only  the 
coarser  parts  of  that  matter,  the  finer  having  been  carried  on  to  more 
distant  points. 

In  this  field  as  elsewhere  we  note  that  the  material  contained  in 
the  shoved  moraine  has  a  more  uniform  character  than  that  which 
is  found  in  the  two  classes  of  kame  deposits  and  in  the  frontal  aprons. 
Thus  the  shoved  matter  of  the  great  moraines  consists,  so  far  as  my 
observation  goes,  entirely  of  granitic  matter  and  the  fragments  of 
dike  stones  derived  from  the  intersecting  volcanic  rocks,  while  in  the 
materials  which  are  found  in  the  kames  we  note  a  very  considerable 
proportion  of  slaty  material  as  well  as  of  crystalline  rocks  which  are 
not  found  on  the  island  of  Cape  Ann  or  in  the  immediately  adjacent 
mainland.  In  the  serpent  kames  the  amount  of  this  waste  from  sedi¬ 
mentary  deposits  exceeds  five  per  cent. 

The  explanation  of  this  peculiarity  appears  to  be  as  follows:  The 
subglacial  streams  transported  the  ddbris  rapidly  and  under  cir¬ 
cumstances  which  exempted  it  from  the  grinding  action  of  the  ice. 
These  conditions  of  movement  enabled  the  debris  to  journey  for  con¬ 
siderable  distances  without  being  ground  into  the  state  of  powder. 
On  the  other  hand,  the  shoved  moraine,  representing  material  sub¬ 
jected  to  powerful  attrition,  has  journeyed  for  a  much  less  distance, 
and  so  these  streams  have  brought  to  this  ground  a  portion  of  the 
detritus  worn  from  the  sedimentary  deposits  which  occupy  the  syn¬ 
cline  lying  to  the  northwest  of  the  anticlinal  axis  which  constitutes 
Cape  Ann. 

In  both  the  shoved  moraine  and  the  kame  deposits  we  find  by  far 
the  greater  part  of  the  material  to  consist  of  debris  essentially  like 
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that  exhibited  on  the  surface  of  Cape  Ann.  This  leans  me  to  the 
conclusion  that  crystalline  rocks  of  this  axis  extend  for  some  miles 
north  of  the  present  shore  ;  a  view  which  is  borne  out  by  the  charac¬ 
ter  of  the  rocks  exposed  in  the  townships  of  Essex  and  also  in  the 
southern  portion  of  Ipswich.  Both  in  the  kame  and  in  the  shoved 
deposits  of  this  morainal  field  we  observe  occasional  fragments  of 
gneissic  rocks.  This  waste  indicates  the  existence  of  a  belt  of  gneiss 
overlying  the  injected  granites  in  the  country  to  the  north  of  this 
district. 


Fig.  42.  Perched  acuminate  bowlder  on  roadside  near  Rockport  Granite  Company  s  quarry. 

The  bowlders  contained  in  the  shoved  moraine  usually  have  a  very 
angular  aspect.  (See  Pis.  XLVII,  XLVIII,  and  Fig.  43.)  Indeed,  no 
morainal  matter  of  this  nature  known  to  me  in  New  England,  except 
at  certain  points  in  Maine,  exhibits  the  angularity  which  we  find  cliai- 
acteristic  of  the  bowlders  in  this  field.  They  are  also  noticeable  on 
account  of  their  large  average  size.  As  will  be  seen  from  the  list  of 
the  twenty  largest  bowlders  which  have  been  observed,  none  of 
them  attain  dimensions  at  all  comparable  to  the  greater  erratics  in 
other  districts.  Yet,  as  will  be  seen  from  the  figures  which  give  the 
general  aspect  of  the  stonier  portions  of  this  moraine,  the  nuinboi 
of  the  fragments  exceeding  a  hundred  cubic  feet  in  volume  is  veiy 
large.  We  can  frequently  find  on  the  surface  of  a  single  acre  as 


554  GEOLOGY  OF  CAPE  ANN,  MASSACHUSETTS. 

many  as  fifty  whose  average  dimensions  exceed  one  hundred  cubic 
feet  of  mass. 

Twenty  largest  bowlders. 


Feet. 

Feet. 

Feet 

Feet. 
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In  the  kame  deposits  we  find  here  as  elsewhere  that  true  bowlders 
are  very  rare.  Those  less  than  a  foot  in  diameter,  which  have  been 
called  by  Chamberlain  “  bowlderets,”  are  not  uncommon,  though  at 
no  point  really  plentiful.  By  far  the  greater  portion  of  the  kame  ma¬ 
terial  consists  of  sand,  gravel,  and  pebbles  of  a  rounded  form. 

Although  the  kame  deposits  are  almost  entirely  limited  to  the  low¬ 
lands,  we  find  on  the  hills  of  shoved  moraine  not  only  the  single  speci¬ 
men  of  serpent  kame  before  noted,  but  also  several  small  patches 
of  a  kame  nature,  none  exceeding  three  or  four  acres  in  extent,  and 
always  more  or  less  commingled  with  ordinary  erratics.  It  is  evident 
that  these  kame  gravels  have  been  imposed  upon  the  surface  of  the 
shoved  moraine  in  the  form  of  an  overlying  sheet. 

DECAY  OF  BOWLDERS. 

The  extent  to  which  decay  has  attacked  the  materials  of  these 
morainal  accumulations  is  exceedingly  diverse,  and  affords  an  inter¬ 
esting  subject  for  inquiry.  Within  the  mass  of  the  kames  or  shoved 
moraine  the  measure  of  decay  is  very  small.  Only  a  small  part  of 
the  material  exhibits  any  indication  of  disintegration.  On  the  sur¬ 
face  of  the  deposits,  however,  we  find  extensive  marks  of  corrosion. 
This  process  of  decay  is  indicated  in  two  ways: 

In  the  first  place,  the  superficial  bowlders  are  frequently  riven  by 
cracks,  which  follow  the  natural  joint  planes  of  the  rock.  These 
crevices  are  usually  opened  by  the  mechanical  action  of  the  frost, 
though  they  exhibit  a  certain  amount  of  decay  along  the  lines  of 
fracture.  Perhaps  one-fifth  of  the  bowlders  are  broken  up  in  this 
manner,  thus  having  the  surfaces  exposed  to  corrosion  very  much  ex¬ 
tended.  The  figures  given  herewith  exhibit  in  a  clear  way  the  effect 
of  this  development  of  incipient  fracture  lines.  The  facts  serve  also 
to  show  us  that  at  the  time  when  these  fragments  were  rent  from  their 
bedding  places  the  joints,  which  have  afterwards  developed  under 
the  action  of  frost,  were  completely  sealed,  affording  no  lines  of  weak¬ 
ness  or  incipient  fracture.  (See  PI.  XLIX.) 

There  is  another  and  yet  more  interesting  form  of  decay  which  is 
in  its  nature  more  truly  corrosive.  A  walk  over  the  surface  of  the 
shoved  moraine  shows  us  in  particular  parts  of  it,  especially  near  its 
western  extremity  on  the  island  of  Cape  Ann,  frequent  cases  in 
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which  the  bowlders  have  decayed  to  a  greater  or  less  degree.  Some¬ 
times — indeed  commonly  at  the  first  stages  of  this  corrosive  action — 
the  surface  of  the  bowlder  which  is  exposed  to  the  weather  remains 
in  a  tolerably  solid  form,  while  the  internal  part  of  the  mass  has 
so  broken  up  that  the  crystals  do  not  adhere  to  each  other.  On 
the  under  side  of  the  bowlder,  where  it  is  partly  supported  by 
other  erratics,  we  may  note  that  it  is  falling  into  the  state  of  crys¬ 
talline  gravel.  Yet  further  processes  of  decay  may  reduce  a  great 
erratic  to  a  mass  of  disintegrating  crystals,  containing  perhaps  a  core 
of  material,  a  small  fragment  of  the  original  bowlder,  all  the  rest 
having  fallen  into  small  bits.  A  still  further  stage  in  the  decay  may 
give  us  a  low  mound  of  detritus,  over  which  the  vegetation  is 
gradually  mantling.  Finally,  the  place  where  a  bowlder  contained  a 
mass  of  one  or  two  hundred  cubic  feet  may  appear  as  a  low  grassed 
mound.  On  some  selected  areas  in  the  portions  of  the  field  where 
this  action  is  most  evident  we  find  that  one-fifth  or  more  of  the  er¬ 
ratics  are  in  an  advanced  stage  of  decomposition. 

The  surface  of  the  bowlder  may  remain  in  a  measure  intact  while 
the  interior  is  greatly  decayed.  In  such  cases  we  generally  find  that 
the  surface,  though  retaining:  at  times  its  original  glaciated  character, 
is  much  riven  by  crevices,  which  indicate  a  process  of  enlargement  of 
the  mass  probably  arising  from  kaolinization  of  the  feldspar  which  it 
contains.  It  is  readily  observed  in  the  field — indeed  it  is  clear  from 
an  inspection  of  the  views  given  in  this  report — that  the  bowlders 
are  divided  into  two  distinct  groups,  those  which  decay  interstitially 
and  those  which  remain  intact.  By  far  the  greater  part  of  the  bowld¬ 
ers  though — even  those  of  very  large  size,  which  have  never  been  pro¬ 
tected  by  any  kind  of  soil  coating — remain  at  the  depth  of  six  inches 
below  the  surface  essentially  unchanged  by  the  action  of  the  atmos¬ 
phere.  Often  they  still  retain  a  surface  which  has  probably  been 
little  changed  since  it  was  impressed  by  the  glacier.  Certainly  on  the 
average  of  bowlders  more  than  six  feet  in  diameter  the  loss  in  depth 
of  material  has  not  exceeded  two  inches,  and  the  mass  of  the  bowlder 
remains  as  sound  as  if  it  were  in  the  original  bedding.  In  several 
cases,  one  of  which  is  shown  in  the  figure  (see  PI.  XL VIII),  we  ob¬ 
serve  that  a  portion  of  the  bowlder  has  gone  to  complete  decay,  while 
another  part  remains  essentially  unaffected  by  the  corrosive  forces. 
We  also  note  the  fact  that  there  is  no  complete  gradation  between  the 
bowlders  which  are  perfectly  protected  and  those  which  are  greatly 
decayed.  These  facts  make  it  clear  that  the  decay  is  due  to  some 
local  peculiarity  which  is  found  in  certain  portions  of  these  granites. 
At  first  I  was  disposed  to  attribute  this  peculiarity  to  the  chemical 
constitution  of  the  mass,  but  close  inspection  of  the  material  leads 
me  to  the  conviction  that  this  is  not  the  true  explanation  of  the 
phenomenon.  It  is  more  likely  to  be  explained  by  the  presence  or 
absence  of  the  peculiar  close-set  joints,  which,  as  we  shall  note  in 


556  GEOLOGY  OF  CAPE  AM,  MASSACHUSETTS. 

our  study  of  the  structure  of  the  granitites,  varies  remarkably  in  dif¬ 
ferent  portions  of  this  field.  These  crevices  admit  the  entrance  of 
water  into  the  mass.  The  action  of  frost  then  produces  the  same 
effect  upon  the  mass  as  it  does  upon  rocks  which  are  penetrated  by  a 
slaty  cleavage;  expanding  in  the  crevices,  they  are  forced  somewhat 
apart,  and  the  way  for  the  penetrating  waters  made  yet  more  open. 
(See  PI.  L  and  Fig.  44.) 


Fig.  43.  Bowlder  disrupted  by  action  of  frost  and  the  roots  of  trees,  midway  between  Gloucester  and 

Rockport,  west  side  of  road. 

AMOUNT  OF  EROSION  DURING  THE  GLACIAL  PERIOD. 

The  general  configuration  of  the  promontory  of  Cape  Ann  makes 
it  probable  that  very  extensive  erosion  has  taken  place  in  the  mass 
in  relatively  modern  times.  It  should  be  noted  in  the  first  place 
from  the  map,  the  accompanying  sections,  and  the  general  descrip¬ 
tion  which  we  have  given  of  this  anticline,  that  it  owes  its  rela¬ 
tive  relief  to  the  erosion  of  the  synclinal  deposits  which  lie  north¬ 
east  and  southwest  of  the  ridge  itself.  An  inspection  of  the  general 
geology  of  this  district  shows  us  that  the  synclines  which  are  found 
in  it  are  generally  deeply  eroded.  That  in  which  lies  Boston  Bay  is 
so  deeply  carved  as  to  form  a  considerable  indentation  of  the  shore. 
A  similiar  erosion  has  taken  place  in  the  syncline  which  lies  north 
of  Cape  Ann  ridge,  but  owing  to  the  fact  that  the  basin  is  very 
extensively  occupied  by  drift  accumulations,  it  does  not  appear 
as  a  considerable  bay.  Yet  if  this  drift  material  were  removed  the 
sea  would  penetrate  as  far  up  the  valley  of  the  Merrimac  as  Lowell, 
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PERCHED  BOWLDER,  13  BY  8  BY  5  FEET,  ON  SIDE  OF  ROAD  TO  COFFIN’S  BEACH  ;  GRANITITE  BOWLDER  ON  BED  ROCK. 
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and  would  occupy  a  large  portion,  of  the  field  lying  to  the  south  of 
the  Merrimac  River.  The  bay  would  probably  be  larger  than  that  of 
Boston,  and  its  surface  would,  if  the  drift  were  thus  stripped,  be  in¬ 
terrupted  by  only  a  few  rocky  islands. 

The  contour  of  the  surface  of  Cape  Ann,  so  far  as  we  may  judge  of 
it  in  the  present  condition  of  embarrassment  from  the  drift  covering, 
appears  to  indicate  the  development  in  the  preglacial  period  of  an 
extensive  system  of  mountain  valleys  such  as  normally  form  the 
headwaters  of  considerable  streams.  These  valleys  have  been  in 
certain  cases  deepened  and  in  others  been  partly  destroyed  by  the 
action  of  glacial  erosion.  Although  I  am  disposed  to  account  for 
these  depressions  on  the  supposition  that  they  have  been  in  a  good 
degree  the  result  of  glacial  wear,  I  am  inclined  to  think  that  this 
wear  served  merely  to  deepen  and  in  part  to  change  the  outlines  of 
the  original  depressions  worn  by  their  water. 

The  general  aspect  of  this  topography  leads  to  the  conclusion  that 
it  could  not  have  originated  with  the  surface  of  the  country  at  its 
present  elevation  above  the  sea.  It  appears  necessary  to  suppose 
that  the  base  level  of  the  erosion  was  considerably  higher  at  the  time 
when  these  valleys  were  developed  than  it  is  at  the  present  day.  Not 
only  on  Cape  Ann,  but  along  the  whole  of  this  anticline,  we  find  the 
lower  portion  of  these  valleys  passing  directly  below  the  level  of  the 
sea,  the  submerged  portions  having  been  filled  in  mainly  by  strati¬ 
fied  deposits  formed  since  the  close  of  the  glacial  period. 

The  fluviatile  origin  of  these  valleys  of  the  Cape  Ann  anticline  is 
distinctly  proved  by  the  fact  that  they  widen  and  deepen  in  the  nat¬ 
ural  direction  of  the  drainage.  If  they  were  due  altogether  to  glacial 
action  they  would  not  have  this  form.  Still  further,  the  hypothesis 
that  they  were  produced  by  the  action  of  free  water  is  confirmed  by  the 
fact  that  in  many  cases  they  cut  across  deposits  of  diverse  hardness 
in  the  manner  so  commonly  shown  in  the  action  of  streams,  but  un¬ 
known  in  that  of  glaciers,  except  where  they  are  confined  by  the 
boundaries  of  pre-existing  valleys  formed  by  free  water. 

GLACIAL  SCRATCHES. 

The  character  of  the  rocks  on  Cape  Ann,  as  well  as  the  extensive 
covering  of  glacial  waste,  makes  it  difficult  to  ascertain  the  move¬ 
ments  of  the  ice  during  the  last  Glacial  Period.  Such  scratches  as 
have  been  observed  are  marked  on  the  accompanying  map.  They 
indicate  that  in  general  the  course  of  the  ice  movement  was  from  the 
northwest  or  between  that  point  and  north.  Here,  as  elsewhere  on 
the  coast,  the  detail  topography  of  the  bed  rocks  evidently  affects  the 
glacial  movement,  so  that  without  a  larger  number  of  observations 
than  it  has  been  possible  to  make  in  this  field  we  can  not  determine 
the  general  direction  of  the  flow  with  much  accuracy.  Some  years 
ago  I  made  observations  upon  the  series  of  scratches  at  a  locality 
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between  Pigeon  Cove  and  Folly  Cove,  which  locality  has  since  been 
destroyed.  Observations  show  two  successive  directions  of  glacial 
scratches,  the  one  trending  from  northwest  to  southeast,  the  other 
passing  from  north  to  south.  Of  these  the  scratches  extending  from 
northwest  to  southeast  appear  to  have  been  the  last  formed. 

Such  variations  in  the  scratches  I  once  deemed  of  importance  as 
indicating  alterations  in  the  direction  of  the  ice  movement  in  the 
later  glacial  time.  I  have  observed  similar  cases  along  the  shore 
from  Eastport  to  New  York.  I  am  now  inclined  to  think  that  the 
facts  are  of  small  value,  for  the  reason  that  they  show  only  such 
temporary  alteration  in  the  run  of  the  ice  currents  as  might  readily 
arise  from  the  changes  in  the  strains  of  a  body  of  such  a  nature 
moving  over  a  rough  area.  The  surface  of  rock  on  Cape  Ann  exhib¬ 
its  little  trace  of  the  strong  grooves  which  form  such  a  prominent 
feature  in  many  parts  of  the  glaciated  district  of  North  America. 
The  reason  for  this  is  tolerably  obvious.  The  hornblenic  granitites 
of  this  area  are  very  hard;  as  a  whole,  much  harder  than  the  rocks 
lying  to  the  northwest,  which  have  afforded  the  erratics  that  have 
impinged  upon  Cape  Ann.  The  result  is  that  the  cutting  tool,  being 
softer  than  the  substance  to  which  it  was  applied,  has  itself  ,  given 
way.  The  glacial  erosion  in  this  field  has  been  effected  rather  by  the 
plucking  out  of  large  fragments  than  by  the  removal  of  the  bed 
rocks  in  the  finely  divided  form  produced  by  scratching  and  grooving. 

CARRIAGE  OF  ERRATIC  MATERIAL. 

There  is  a  common  notion  that  the  drift  in  New  England  has  gen¬ 
erally  been  conveyed  for  great  distances.  The  evidence  obtained  on 
Cape  Ann  would  of  itself  be  sufficient  to  disprove  'this  supposition. 
This  evidence  goes  to  show  that  the  detritus  in  the  frontal  moraines 
and  till  deposits  has  generally  been  carried  but  a  very  short  distance. 
The  average  transportation  of  these  fragments  probably  does  not  ex¬ 
ceed  one  or  two  miles.  Of  the  many  thousand  bowlders  which  have 
been  inspected  probably  not  more  than  a  dozen  are  from  beyond  the 
field  of  liornblendic  granitite  on  the  island  of  Cape  Ann  or  the  neigh¬ 
boring  mainland  within  a  distance  of  six  miles  of  Annisquam  Reach, 
the  exceptional  fragments,  not  amounting  to  more  than  a  ten-thou¬ 
sandth  part,  consist  of  bowlders  which  were  apparently  riven  from 
the  schistose  rocks  lying  on  the  north  side  of  the  Cape  Ann  anti¬ 
cline.  Two  fragments  observed,  which  clearly  belonged  to  the  coarse 
granite,  contained  large  crystals  of  mica,  which  is  extensively  de¬ 
veloped  in  the  region  about  Lowell  and  Chelmsford.  These  bits, 
neither  of  which  exceeds  a  foot  in  diameter,  may  have  been  carried 
for  a  distance  of  thirty  or  forty  miles. 

On  Cape  Ann,  as  elsewhere  in  New  England,  the  kame  drift  has 
evidently  undergone  a  more  extended  transportation  than  that  which 
belongs  to  the  group  of  till  in  the  frontal  moraine.  The  kame 
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(The  ungrassed  mounds  show  heaps  of  crystalline  sand  left  by  the  decay  of  bowlders.) 
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material  contains  a  good  deal  of  waste,  perhaps  as  much  as  a  third  of 
its  whole  mass,  that  has  evidently  been  derived  from  beyond  the 
limits  of  Cape  Ann.  The  assemblage  of  materials  is  substantially 
that  which  we  find  in  the  drift  of  the  Merrimac  Valley.  I  am  in¬ 
clined  to  think  that  a  large  part  of  this  debris  was  brought  by  sub¬ 
glacial  streams  from  that  part  of  the  mainland.  The  proportion  of 
material  in  the  kame  gravels  derived  from  distant  sources  appears  to 
be  greater  in  the  case  of  the  serpent  kames  than  in  the  other  deposits 
of  stratified  gravels. 

POST-GLACIAL  EROSION  ON  CAPE  ANN. 

ATMOSPHERIC  EROSION. 

The  post-glacial  erosion  of  this  district  may  be  divided  into  two 
classes — that  which  is  due  to  the  action  of  surface  water,  and  that 
which  has  arisen  from  the  work  of  the  sea  on  the  coast  line,  both  at 
the  present  level  and  at  times  when  the  shore  was  higher. 

Considering  first  the  atmospheric  erosion,  we  find  that  in  the  main 
it  has  been  exceedingly  small.  The  area  of  Cape  Ann  is  not  suffi¬ 
ciently  great  to  bring  about  the  accumulation  of  the  fluviatile  waters 
in  large  streams.  The  considerable  thickness  of  the  drift  mass  in 
the  upper  parts  of  the  island  causes  the  discharge  of  water  to  be  very 
regular,  and  the  great  prevalence  of  large  bowlders  restricts  the 
cutting  action  of  the  brooks.  Owing  to  the  fact  that  the  bowldery 
drift  contains  but  little  clay,  the  water  penetrates  deeply  into  it 
and  is  there  stored,  to  be  emitted  in  a  very  gradual  manner.  The 
frontal  apron  of  the  moraine  lies  almost  altogether  below  the  sur¬ 
face  of  the  sea.  Therefore  this  region  wants  the  element  of  a  gla¬ 
cial  topography  which  is  most  readily  cut  up  by  flowing  water. 

The  existing  streams  on  the  island,  all  of  them  of  small  size,  occupy 
almost  altogether  valleys  that  are  in  no  wise  due  to  their  own  ac¬ 
tion,  but  have  been  formed  by  the  accidents  which  have  determined 
the  position  of  the  glacial  drift.  They  generally  lie  in  the  lines  be¬ 
tween  the  morainal  ridges,  or,  where  those  ridges  are  wanting,  in  the 
channels  in  the  bed  rock,  which  were  worn  to  their  present  shape  if 
not  altogether  formed,  by  the  action  of  the  ice.  At  certain  points  on 
the  surface  of  the  moraine,  particularly  on  the  southern  slope,  though 
occasionally  occurring  also  upon  its  northern  versant,  there  are  nar¬ 
row  V-shaped  valleys,  somewhat  clogged  with  bowlders,  which  ap¬ 
pear  to  indicate  the  former  existence  of  streams  which  were  much 
more  powerful  than  those  now  operating  on  the  surface.  I  am  in¬ 
clined  to  believe  that  these  channels  may  be  due  to  the  fact  that  in 
the  time  immediately  following  the  dispersion  of  the  glacial  sheet 
from  this  surface  and  its  re-elevation  the  rain-fall  was  much  more 
considerable  than  it  is  at  present.  It  is,  however,  impossible  to 
make  certain  that  these  channels  were  not  formed  by  tongue-like 
protrusions  of  the  ice,  which  scoured  away  the  portions  of  the  mo- 
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raine  which  they  traversed.  It  is  true  we  do  not  find  the  heaps  of 
eroded  material  which  in  other  places  often  mark  the  action  of  such 
protrusions  of  the  ice,  but  it  is  likely  that  these  heaps  lie  beneath  the 
surface  of  the  sea. 

On  small  areas  of  the  frontal  apron  and  kame  sands  which  re¬ 
main  visible  on  Cape  Ann  we  find  a  few  shallow  runnels,  which  have 
doubtless  originated  from  the  scouring  action  of  the  waters  which 
now  flow  through  them.  These  channels  are,  however,  so  insignifi¬ 
cant  as  to  merit  no  particular  description.  The  only  noticeable  feat¬ 
ure  concerning  them  is  that  they  extend  to  the  present  shore,  with  an 
inclination  which  shows  that  they  have  been  lowered  below  the  sea 
level  in  comparatively  modern  times. 

MARINE  EROSION. 

The  erosive  action  of  the  sea  presents  us  with  much  more  impor¬ 
tant  phenomena  than  that  which  is  due  to  atmospheric  causes. 
Leaving  for  the  present  the  question  of  the  action  of  the  sea  at 
former  levels  above  its  present  height,  I  shall  now  consider  the  effect 
upon  the  coast  line  of  this  district  of  the  waves  and  the  other  erosive 
agents  derived  from  the  ocean. 

The  whole  of  the  shore  line  of  Cape  Ann  and  that  of  the  larger 
part  of  the  mainland  included  within  this  report,  except  where  small 
parts  have  been  filled  in  by  drifting  sand  and  pebbles,  lies  upon  the 
hard  crystalline  rocks  which  entirely  compose  the  basement  deposits 
of  this  region.  On  these  rocks  the  ocean  has  exercised  its  usual 
erosive  influence,  due  to  two  diverse  causes.  In  the  first  place,  the 
assault  is  accomplished  by  the  beating  action  of  the  waves  operat¬ 
ing  upon  the  cliffs  by  means  of  the  fragments  of  rock  which  the 
surges  impel  against  the  shore.  The  work  of  erosion  has  also  been 
greatly  aided,  at  least  in  recent  time,  by  the  action  of  ice,  which 
forms  abundantly  along  the  whole  of  this  coast  line,  and  operates 
in  a  way  to  advance  the  disintegration  of  the  hard  rocks. 

The  diversity  of  the  effect  of  the  waves  upon  the  shores  is  very 
great.  The  measure  of  this  action  is  greatly  influenced  by  the 
structure  of  the  rocks  as  regards  the  joint  planes  or  incipient  rupture 
lines  which  they  afford.  Where  the  rock  is  abundantly  rifted,  frost, 
acting  upon  the  water  which  has  penetrated  the  crevices,  as  is  well 
known,  breaks  up  the  continuity  of  the  mass.  Again,  the  action 
of  the  waves  is  diversified  in  its  measure  by  the  character  of  the 
slope  with  which  the  land  meets  the  sea.  Thus  where,  as  at  several 
points,  the  shore  descends  abruptly  into  deep  water,  the  waves  are 
not  armed  with  detrital  matter,  which  by  being  impelled  against  the 
cliffs,  serves  to  cut  away  the  rock.  Such  cliffs  are  usually  unaffected 
by  the  blows  of  the  waves,  and  remain  essentially  unchanged  as  re¬ 
gards  the  outlines  given  them  by  glacial  erosion.  Pis.  XXXVII 
and  LII  show  the  action  of  the  sea  under  these  circumstances. 
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Where,  however,  the  submarine  foundations  of  the  cliffs  are  in  water 
not  more  than  thirty  feet  deep,  such  bowldery  matter  as  may  lie  at 
tiieir  base  is  within  the  grip  of  the  waves  and  is  used  by  them  for 
the  assault  of  the  cliffs.  At  certain  points,  where  there  is  a  com¬ 
pact  detrital  talus  sufficiently  near  the  surface  of  the  water  to  admit 
of  effective  wave  action  against  the  fragments  which  lie  on  it,  the 
action  of  the  sea  is  such  as  to  sweep  away  from  the  base  of  the  prom¬ 
ontory  all  the  masses  which  accumulate  there,  and  so  protect  the 
cliff  against  the  attrition  of  the  waves.  The  erosive  action  of  the 
sea  is  the  most  effective  where,  as  on  the  shore  just  east  of  Salt 
Island,  the  joints  of  the  rock  are  so  disposed  that  the  frost  may  rive 
out  the  fragments  and  put  them  in  control  of  the  waves.  At  such 
point  the  sea  has  generally  formed  a  distinct  bench  in  the  manner 
shown  in  Pis.  XXXII  and  LIII. 

Considering  the  shore  as  a  whole,  not  more  than  a  tenth  of  its  line 
exhibits  marine  benching  of  a  distinct  character.  On  by  far  the 
greater  portion  of  the  line  the  original  glacial  form  remains,  with 
the  exception  that  here  and  there  a  small  portion  of  the  material  has 
been  scarfed  away  by  the  combined  action  of  waves  and  ice.  PI. 
XXXII  exhibits  the  usual  manner  in  which  the  line  of  coast  meets 
the  sea. 

At  first  I  was  disposed  to  believe  that  the  exemption  from  erosion 
was  due  to  the  fact  that  the  rocks  next  the  shore  had  originally  been 
protected  by  a  thick  coating  of  drift,  upon  which  for  a  time  the  en¬ 
ergy  of  the  waves  had  been  expended,  but  on  closer  inquiry  I  find 
that  the  morainal  matter  of  the  island,  though  very  thick  in  the 
interior  district,  is  very  thin  next  the  shore.  In  a  word,  this  distri¬ 
bution  indicates  that  no  considerable  mass  of  such  material  at  any 
stage  of  the  history  of  the  region  since  the  sea  attained  its  present 
level  lay  along  the  coast  line.  I  am  therefore  forced  to  the  conclu¬ 
sion  that  the  absence  of  the  marine  bench  is  due  in  part  to  the  brev¬ 
ity  of  the  time  in  which  the  sea  has  operated  at  its  present  level  and 
in  part  to  the  fact  that  the  attitude  and  condition  of  the  coast  rocks 
is  such  as  to  afford  the  coasts  a  large  measure  of  protection  against 
wave  action. 

Where  the  original  slope  of  the  rocks  towards  the  sea  was  very 
gentle,  the  waves,  in  place  of  striking  a  violent  blow  against  them, 
slip  up  over  their  surfaces,  producing  a  mere  swash  in  place  of  an 
effective  stroke.  In  this  case  the  erosion  may  take  the  shape  of  scour¬ 
ing,  as  is  shown  on  Pis.  XXXIV  and  XXXV.  Even  where  the  rocks 
descend  towards  the  surge  with  a  steep  angle,  their  structure  must  be 
jointed  in  a  manner  favorable  for  the  action  of  the  ocean  surges, 
and  there  must  be  a  talus  at  the  proper  depth  beneath  the  surface  to 
favor  the  movement  of  the  erratics  when  flung  by  the  waves  against 
the  cliff.  These  several  conditions  do  not  exhaust  the  category  of 
the  circumstances  which  affect  the  erosion  of  the  shore.  Where  the 
36 
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rock  is  much  penetrated  by  dikes,  these  dikes  are  almost  invariably 
less  resistent  to  erosion  than  the  country  rock  which  bounds  them, 
so  the  result  is  that  under  the  operation  of  erosive  agents— frost  and 
waves — they  become  chasms,  which  serve  to  weaken  the  coast  wall 
even  where  it  is  not  otherwise  enfeebled,  and  so  bring  about  an  ex¬ 
tensive  erosion  of  the  shore.  Examples  of  such  action  are  shown 
in  Pis.  XXXIV,  LIII,  LIV,  LV,  and  LVI. 

It  is  now  necessary  to  consider  not  only  the  scarf  which  has  been 
formed  along  the  coast,  but  also  the  re-entrants  or  bays  plentifully 
distributed  along  its  line.  Although  not  so  diversified  in  outline  as 
the  neighboring  coast  of  Maine,  though  formed  of  similar  rocks, 
the  Cape  Ann  coast  presents  us  with  numerous  small  fiord-like  em- 
bayments.  The  reason  for  this  difference  is  probably  to  be  found 
in  the  fact  that  the  strike  of  the  obscurely  separated  granitic  masses 
on  the  surface  of  Cape  Ann  is  nearly  northwest  and  southeast,  or  in 
general  at  about  right  angles  to  the  flow  of  the  ice;  while  on  the 
coast  of  Maine  the  strikes  are  more  nearly  north  and  south,  while 
the  run  of  the  ice  is  nearer  to  the  meridional  line  than  on  this  part 
of  the  Massachusetts  shore.  It  is  clear  that  the  fiords  are  more 
easily  formed  where  the  strike  of  the  strata  coincides  with  the  run 
of  the  ice  than  when  these  strikes  run  in  the  opposite  condition. 

The  fiord  structure  of  Cape  Ann  is  in  nowise  due  to  the  action  of 
the  sea,  though  these  re-entrants  have,  as  we  shall  shortly  see,  an 
important  influence  on  marine  action.  The  fiords  of  Cape  Ann  are 
probably  due  in  part  to  ordinary  fluviatile  erosion  acting  upon  rocks 
according  to  their  resistance  and  in  part  to  the  wearing  action  of 
the  ice  sheet. 

SEA  BEACHES. 

The  effect  of  the  above-described  bays  is  to  afford  a  place  of  deposit 
for  the  material  worn  from  the  headlands  or  brought  in  from  the  sea. 
The  structure  of  one  of  these  beaches  is  indicated  in  Plate  LVII. 
On  the  coast  line  of  Cape  Ann  and  the  neighboring  mainland  in¬ 
cluded  within  this  report  there  are  about  twenty-five  of  these  re-en¬ 
trants  in  which  beach  deposits  composed  of  materials  derived  from 
marine  action  have  been  accumulated.  On  the  average  there  is  one 
such  pocket  to  about  each  mile  of  shore,  and  on  no  part  of  the 
marine  front  do  we  find  these  accumulations  absent  for  more  than 
two  miles. 

The  manifest  effect  of  these  beach  accumulations  is  in  an  important 
manner  to  limit  the  erosive  work  done  by  the  pebbles  under  the  in¬ 
fluence  of  the  waves.  If  a  pebble  or  bowlder  is  retained  on  the  cliff 
front  until  it  is  ground  to  powder,  all  its  resistance  to  the  blows  is 
turned  to  account  by  the  waves  in  the  work  of  wearing  the  cliffs; 
as  soon  as  it  is  impounded  in  the  beach,  it  ceases  to  have  any  value 
as  an  erosive  agent.  Although  it  may  be  ground  to  powder 
upon  the  beach,  its  force  is  expended  upon  the  neighboring  peb- 
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bles  and  not  upon  tlie  cliffs  from  which  it  may  have  been  derived. 
The  difference  in  the  amount  of  erosion  brought  about  by  this  vari¬ 
ety  in  the  history  of  a  pebble  is  of  considerable  importance  in  the 
economy  of  the  shore.  So  numerous  are  these  pocket  beaches  on 
Cape  Ann,  that  in  most  cases  the  masses  of  rock  derived  from  the 
erosion  of  the  cliffs  remain  for  but  a  short  time  available  as  instru¬ 
ments  of  wear  when  hurled  by  the  waves;  they  quickly  find  their 
way  into  the  nearest  pocket  beach.  (See  PI.  LVII.) 

The  peculiar  salience  of  the  island  of  Cape  Ann  favors  this  rapid 
impounding  of  the  pebbles.  The  waves  run  with  considerable 
energy  from  a  great  variety  of  directions.  They  are  effective  on 
all  points  from  the  northwest  around  by  the  east  to  the  southwest. 
Thus,  if  a  pebble  is  held  against  a  shore  having  a  north  and  south 
direction  by  all  the  winds  blowing  from  the  east,  the  waves  run¬ 
ning  during  the  northeast  and  southeast  storms  will  tend  to  work 
it  along  the  coast  towards  the  nearest  pocket  beach.  The  result  of 
this  action  is  that  the  pocket  beaches  of  the  Cape  Ann  district  con¬ 
tain  a  very  much  larger  amount  of  detrital  matter  than  has  been 
eroded  from  the  cliffs  since  the  sea  assumed  its  present  altitude, 
much  being  brought  from  the  regions  north  and  south  of  the  district. 

EFFECT  OF  SEA-WEEDS  ON  MOVEMENTS  OF  PEBBLES. 

The  large  amount  of  the  accumulations  of  impounded  matter  in 
the  various  bays  is  due  in  part  to  the  fact  that  a  considerable  quan¬ 
tity  of  glacial  detritus  has  been  brought  in  in  the  form  of  pebbles 
or  bowlders,  not  exceeding  a  foot  or  so  in  diameter,  from  the  de¬ 
posits  of  such  materials  lying  upon  the  sea  floor.  These  deposits, 
accumulated  on  the  sea  bottom,  were  formed  in  the  main  during 
the  time  when  the  shore  was  at  a  higher  level  than  at  present.  At 
first  I  was  disposed  to  consider  that  the  material  worked  in  from  the 
sea  altogether,  because  of  the  fact  that  the  recent  elevation  had 
brought  the  bottom  so  near  the  surface  that  the  waves  eroded  the  floor 
over  which  they  traveled  and  moved  the  waste  in  towards  the  shore. 
More  careful  study  has  satisfied  me  that  this  scouring  action  of  the 
waves  acts  only  upon  the  sand  and  perhaps  on  pebbly  matter  less 
than  an  inch  in  diameter.  The  large  ingress  of  pebbles  and  small 
bowlders  must  be  explained  in  another  manner. 

The  sandy  accumulations,  particularly  the  extensive  deposits 
formed  in  Sandy  Bay,  on  Long  Beach,  around  Little  Good  Harbor 
beach,  Brace’s  Cove,  and  other  points  of  the  shore,  are  clearly  due  to 
the  scouring  action  of  the  waves  operating  on  the  neighboring  parts 
of  the  sea  floor.  The  pebbles,  at  least  those  above  an  inch  in  diam¬ 
eter,  are  in  the  main  brought  to  the  coast  line  in  a  manner  which  I 
will  now  describe. 

The  bowlders  and  larger  pebbles,  as  they  lie  upon  the  sea  bottom, 
not  only  by  their  weight  oppose  the  movement  of  the  waves  which 
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tend  to  urge  them  towards  the  shore,  but  they  are  attached  to  the 
bottom  by  the  adhesion  naturally  resulting  from  long  continuance 
in  their  place.  Even  where  the  waves  are  strong  enough  to  roll 
them  if  they  were  free  from  these  attachments  they  remain  immov¬ 
able.  It  is  to  the  growth  of  sea- weed  upon  their  upper  surfaces  that 
we  owe  in  most  cases  their  detachment  from  the  bottom  and  their 
ready  transportation  to  the  shores.  When  the  sea-weed  becomes 
attached  to  these  pebbles  its  continued  growth  leads  in  time  to 
the  separation  of  the  pebble  from  the  bottom.  This  is  brought 
about  partly  by  the  impulse  to  float  due  to  the  relative  lightness 
of  the  plants,  and  in  a  larger  measure  through  the  pull  which  the 
waves  are  enabled  to  make  on  the  expanded  fronds  of  the  sea-weed. 
When,  in  time,  through  the  growth  of  the  plant,  this  pull  becomes 
strong  enough  to  detach  a  pebble  from  its  ancient  fastenings,  it 
rises  a  little  way  above  the  bottom,  sometimes  floats  freely,  some¬ 
times  just  rests  on  the  sea  floor,  and  so  impelled  by  the  waves  begins 
the  journey  towards  the  shore,  which  becomes  more  rapid  the  shal¬ 
lower  the  water  to  which  it  attains.  Finally,  it  is  brought  into  the 
mill  of  the  surf ;  it  then  in  most  cases  becomes  separated  from  the 
plants  which  brought  it  ashore  and  appears  as  an  ordinary  pebble 
upon  the  beach. 

Choosing  a  time  when  the  surf  is  high,  we  may  note  a  great  quan¬ 
tity  of  sea-weed  on  the  beach.  Each  of  these  weeds  shows  in  its 
expanded  root-like  base  that  it  has  recently  been  severed  from  an 
attachment  to  some  rock.  Occasionally  we  find  a  pebble  to  which 
the  sea-weed  is  still  clinging.  These  are  rarely  abundant,  for  the 
reason  that  the  separation,  as  before  noted,  has  usually  taken  place 
by  the  pounding  of  the  surf  ;  but  at  times  it  is  possible  to  gather  a 
bushel  of  these  pebbles  still  attached  to  the  sea-weed  within  the  dis¬ 
tance  of  one  hundred  feet  of  shore  line.  If  an  observer  in  a  time 
of  storm  will  follow  a  retreating  wave  outward,  so  that  he  may  have 
an  opportunity  to  observe  the  inner  face  of  the  surf  wall  when  it 
rises  in  its  steep  form  a  moment  before  the  overturn  of  the  wave,  he 
will,  if  quick-eyed,  be  able  to  note  in  the  transparent  water  many 
of  these  sea-weeds  as  they  are  lifted  to  a  vertical  position  by  the 
uprising  of  the  wave.  Furthermore,  if  he  will  journey  in  a  boat 
beyond  the  surf  line,  he  may  find  many  of  these  sea-weeds  floating 
with  the  tops  at  the  surface  of  the  water,  each  bearing  at  the  base 
a  pebble  or  large  shell,  which  have  been  plucked  from  the  bottom 
some  distance  from  the  coast  line. 

Although  the  quantity  of  this  pebbly  matter  brought  in  by  any 
one  storm  is  not  very  great,  the  contribution  is  repeatedly  made,  so 
that  during  each  year  perhaps  in  a  score  of  storms  some  tons  of 
bowlder  material  comes  upon  the  shore  within  the  length  of  a  thou¬ 
sand  feet.  A  portion  of  these  bowlders  with  their  floats  of  sea-weed 
are  of  course  driven  against  the  cliff  portion  of  the  shore,  where  the 
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bowlders  serve  for  a  time  in  the  work  of  the  waves,  but  they  shortly 
find  their  way  into  the  re-entrants  in  the  manner  before  described. 

Not  only  do  these  sea- weed-borne  fragments  contribute  much,  per¬ 
haps  a  greater  part,  of  the  waste  to  the  beaches,  but  in  certain  cases 
they  form  considerable  pebbly  islands  off  the  coast.  Thus,  Milk 
Island,  south  of  Thatcher’s  Island,  though  its  central  parts  are  of 
bed  rock,  is  mainly  composed  of  these  pebbles,  removed  from  their 
bedding  by  the  sea-weed  and  intercepted  on  their  journey  towards  the 
mainland  by  the  shoal  formed  by  this  glacially  rounded  mass  inter¬ 
posed  in  their  path. 


RATE  OF  WEAR  OF  PEBBLES. 

The  rate  at  which  the  beach  pebbles  wear  varies  of  course  with 
their  size  and  with  reference  to  the  conditions  of  exposure  to  the 
surge.  The  smaller  the  pebbles,  the  more  rapidly  they  are  worn,  for 
the  reason  that  they  are  more  readily  stirred  by  the  action  of  slight 
waves.  Thus,  pebbles  two  inches  in  diameter  are  set  in  motion  even 
when  the  sea  is  nearly  calm,  while  those  a  foot  in  diameter  are 
probably  not  in  motion  for  more  than  one-half  of  the  year,  and 
those  which  exceed  two  feet  in  diameter  are  only  knocked  about  in 
the  greater  storms.  We  must  reckon  on  the  fact  that  the  larger  peb¬ 
bles  strike  harder  blows  than  those  of  small  size,  but  I  am  inclined 
to  think  that  the  rate  of  wear  between  those  one  foot  and  one  inch 
in  diameter  is  generally  proportionate  to  the  difference  in  the  mass. 

It  is  interesting  to  note  that  no  considerable  part  of  the  mud  pro¬ 
duced  by  the  wearing  of  the  pebbles  on  these  beaches  remains  visi¬ 
ble.  By  far  the  greater  portion  is  evidently  drawn  away  into  the 
depths  of  the  sea  by  the  undertow  which  during  high  winds  prevails 
along  every  shore. 

The  wearing  action  even  on  the  larger  pebbles  is  evident  from  ob¬ 
servations  which  can  readily  be  made  on  the  masses  of  riprap  used 
for  the  defense  of  the  moles  which  inclose  the  small  artificial  harbors 
between  Rockport  and  Pigeon  Cove.  Although  originally  of  very 
angular  forms,  such  as  plentifully  occur  in  the  quarries,  an  exposure 
to  the  full  beating  of  the  waves  serves  even  in  a  single  year  to  bring 
about  a  considerable  rounding  of  the  mass.  In  ten  years  they  com¬ 
monly  wear  away  to  the  rolled  form  so  familiar  in  our  beach  peb¬ 
bles.  Under  favorable  circumstances  it  is  evident  that  the  wear  upon 
the  pebbles  amounts  on  the  average  to  several  inches  per  annum. 
We  thus  obtain  a  rough  measure  of  the  rate  at  which  the  surges  are 
able  to  bring  about  the  wear  and  consequent  rounding  of  detached 
masses. 

It  should  be  remarked,  however,  in  this  connection  that  the  rate  at 
which  these  artificially  exposed  angular  masses  become  rounded  is 
somewhat  greater  than  that  which  occurs  in  masses  detached  from 
cliffs,  for  the  reason  that  under  the  conditions  in  which  they  are 
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placed  the  sea  has  a  peculiarly  favorable  opportunity  for  attacking 
them.  Their  position  is  extremely  exposed,  and  many  fragments  are 
associated  together  in  a  manner  which  causes  them  to  rub  against 
each  other  more  energetically  than  is  possible  at  the  foot  of  an  ordi¬ 
nary  cliff. 

In  seeking  to  find  stone  suitable  for  quarrying  purposes,  explorers 
have  opened  small  excavations  on  most  all  the  headlands  around  the 
periphery  of  Cape  Ann.  These  have  discharged  into  the  sea  a  large 
quantity  of  angular  blocks,  which  have  been  moved  along  the  es¬ 
carpments  until  impounded  in  some  beach  pocket,  where  they  are 
now  in  the  process  of  rapid  erosion.  Blocks  of  this  nature  can  be 
readily  separated  by  the  eye  from  those  which  have  been  ruptured 
from  the  cliffs  by  the  action  of  the  waves  and  frost,  for  the  reason 
that  bowlders  formed  entirely  in  the  natural  way  are  generally  dis¬ 
colored  by  decay  to  a  greater  depth  than  corrosion  has  penetrated, 
while  those  formed  in  an  artificial  manner  usually  retain  the  blue- 
grav  hue  of  the  ordinary  quarry  stones. 

Using  this  means  of  discrimination  in  order  to  separate  the  arti¬ 
ficial  from  the  natural  pebbles,  the  observer  can  readily  make  an  eye- 
estimate  as  to  the  relative  amounts  of  bowldery  matter  formed  by 
natural  and  artificial  means.  He  will  perceive  that  the  amount 
of  detrital  material  formed  in  the  natural  way  on  rocky  shores  is 
often  less  considerable  than  that  contributed  by  the  process  of  quar¬ 
rying.  A  number  of  little  pocket  beaches  filled  with  bowlders 
which  are  found  along  the  coast,  especially  between  Loblolly  Cove 
and  Halibut  Point,  are  almost  entirely  composed  of  rounded  waste 
from  the  quarries. 

The  ineffectiveness  of  marine  action  on  certain  parts  of  the  shore 
is  particularly  conspicuous.  Thus  near  Pigeon  Cove  (See  PI.  LII) 
it  is  evident  that  marine  action  has  since  the  Glacial  Period  not  re¬ 
moved  in  average  thickness  more  than  one  or  two  feet  of  the  rock 
which  forms  the  shore  line,  while  in  the  region  immediately  south 
of  Bass  Rocks  the  erosion  is  perhaps  thirty  times  as  great.  The 
cause  of  this  variety  in  the  amount  of  wearing  is  readily  found  in 
the  difference  of  original  inclinations  of  the  shore  towards  the  sea. 
At  Anderson  Point  the  rocks  have  a  very  gentle  slope  towards  the 
waves.  The  surges  working  on  the  co^st  line  slip  up  over  this  slope 
and  expend  their  energy  in  lifting  the  mass  of  water  above  its  base. 
Where,  as  at  Bass  Rocks,  the  shore  meets  the  sea  at  a  steeper  angle, 
the  direct  blow  of  the  waves  is  struck  against  the  cliffs  and  operates 
much  more  effectively. 

The  concomitant  in  this  action  is  found  in  the  extent  to  which  the 
shore  at  these  diverse  points  is  affected  by  dikes  which  are  readily 
worn  out  by  the  water.  Near  Bass  Rocks  and  also  near  Straitsmouth 
Island  the  dikes  are  numerous  and  readily  attacked  by  the  waves. 
(See  Pis.  XXXIII,  LIII,  LV,  LYI.)  When  the  dike  material  is  re- 
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moved  steep  cliffs  are  left  oil  either  side  in  positions  to  be  open  to 
the  assault  of  the  sea.  This,  effect  is  well  seen  on  the  shores  just  in¬ 
side  of  Straitsmouth  Island,  known  as  Gully  Point,  where  the  dikes, 
being  rather  softer  than  elsewhere,  have  been  deeply  excavated  by 
the  waves. 

DECAY  IN  ROCKS  IN  PLACE. 

I  have  already  noted  the  fact  that  the  bowlders  contained  in  the 
frontal  moraines  are  in  many  cases  extensively  decayed.  So  far  has 
this  decay  gone,  that  I  have  often  found  a  bowlder  which  was  origi¬ 
nally  six  feet  in  diameter  represented  by  a  low  mound  of  angular 
sand  upon  which  the  vegetation  finds  root.  The  same  decay,  though 
in  much  less  striking  form,  is  exhibited  by  the  rocks  in  place.  So  far 
as  my  observations  have  gone  this  decay  is  limited  to  the  granitites, 
not  affecting  the  dike  stones.  It  generally  occurs  within  10  feet  of 
the  surface  in  sections  where  the  rocks  lie  in  a  position  which  favors 
the  penetration  of  surface  water.  Finding  its  way  along  the  joints, 
the  water  furnishes  conditions  of  corrosion,  so  that  from  the  joint 
planes  the  decay  penetrates  to  a  greater  or  less  distance  into  the 
unrifted  portion  between  the  fracture  planes.  A  portion  of  the 
material  is  reduced  to  the  state  of  sand,  another  part  is  merely 
discolored  and  weakened  by  the  oxidizing  process.  (See  PI.  LI.) 

In  passing,  I  may  remark  the  fact  that  the  considerable  penetra¬ 
tion  of  this  form  of  decay  since  the  Glacial  Period  affords,  when 
taken  in  connection  with  the  decayed  bowlders  above  referred  to, 
important  evidence  as  to  the  depth  to  which  the  glacial  erosion  oper¬ 
ated  during  the  last  ice  time.  It  is  evident  that  the  decayed  bowl¬ 
ders  were  not  affected  by  the  corrosive  process  before  they  entered 
on  their  journey  towards  the  fropt  of  the  ice  field.  The  strains  to 
which  they  were  subjected  in  that  journey  would  have  led  to  their 
destruction  if  they  had  not  been  of  very  solid  rock.  In  order  to  ob¬ 
tain  bowldery  matter  liable  to  corrosion  and  at  the  same  time  not 
decayed,  the  glaciers  must  have  removed  all  the  superficial  parts  of 
oxidized  rocks  which  existed  on  the  surface  at  the  time  their  work 
began. 

There  can  be  no  question  that  the  decay  in  certain  of  the  bowl¬ 
ders  is  generally  more  complete  than  that  which  has  occurred  in  any 
rock  in  place.  This  is  readily  explained  by  the  fact  that  the  bowl¬ 
ders  are  much  more  favorably  placed  for  the  work  of  corrosion  than 
are  any  portions  of  the  rocks  in  their  original  position. 

RECENT  CHANGES  OF  LEVEL  IN  THE  CAPE  ANN  DISTRICT. 

As  one  of  the  principal  objects  of  the  series  of  monographs  de¬ 
scriptive  of  different  parts  of  the  Atlantic  coast  which  I  have  under¬ 
taken  is  to  determine  the  recent  changes  of  level  which  have  oc¬ 
curred  along  that  shore  line,  I  turn  with  interest  to  the  study  of 
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post-glacial  changes  in  the  altitude  of  the  land  on  this  part  of  the 
coast. 

My  studies  on  the  island  of  Mount  Desert  have  apparently  shown 
that  on  that  shore,  one  hundred  miles  north  of  Cape  Ann,  very  re¬ 
markable  alterations  of  level  have  taken  place  since  the  close  of  the 
Glacial  Period,  or  at  least  since  the  disappearance  of  the  ice  sheet 
from  that  portion  of  the  coast.  On  Mount  Desert  the  evidence  in¬ 
dicates  movements  of  elevation  since  the  disappearance  of  the 
ice,  and  on  other  parts  of  the  shore  from  Portland  southward  the 
evidence  is  to  the  effect  that  the  movements  have  been  in  part  in  the 
direction  of  subsidence  and  in  part  those  of  elevation.  On  Mount 
Desert  itself  all  the  observed  facts  indicate  elevation  alone,  though, 
as  remarked  in  my  memoir  on  that  island,  published  in  the  Annual 
Report  of  the  Director  for  1886-!87,  the  shore  of  Mount  Desert  is 
very  unfavorably  placed  for  the  preservation  of  evidence  of  subsi¬ 
dence.  It  may  therefore  well  be  the  case  that  subsidence  has  taken 
place  there,  though  the  proof  of  it  is  wanting. 

EVIDENCES  OF  RECENT  SUBSIDENCE. 

Considering  first  the  evidence  of  recent  subsidence,  we  find  on 
Cape  Ann  a  limited  but  important  set  of  facts  which  bear  on  this 
problem.  On  the  east  shore  of  the  island,  at  a  point  indicated  on 
the  map  by  the  words  “submerged  forest,”  near  the  isolated  mass  of 
rock  known  as  “  Briar  Neck,”  we  find  between  high  and  low  tide 
mark  a  number  of  tree  stumps  with  their  roots  still  fixed  in  an 
ancient  soil  in  their  normal  positions,  which  clearly  indicate  a  very 
recent  subsidence,  amounting  to  as  much  as  four  feet  of  actual 
height.  These  interesting  remains  lie  in  a  position  that  appears  to 
me  to  exclude  any  other  hypothesis  than  that  which  assumes  that 
the  surface  on  which  they  stand  has  been  lowered  by  a  downward 
movement  of  the  subjacent  earth.  They  stand  upon  a  nearly  plane 
surface,  in  front  of  a  low  beach  wall  of  sand  and  pebbles;  behind 
them  lies  a  considerable  area  of  marine  marshes. 

In  this  and  the  numerous  other  cases  of  depressed  forests  which 
occur  on  our  shore  the  hypothesis  which  has  been  suggested,  that 
the  sea  has  undercut  the  soil  in  which  the  forest  grew,  thus  lower¬ 
ing  it  beneath  its  present  position,  appears  to  me  quite  untenable. 
The  waves  strike  against  this  shore  with  great  energy.  As  soon  as 
the  stumps  are  separated  from  the  enveloping  beach  sand  they  are 
quickly  cut  away  by  the  surf.  The  process  of  undercutting  which 
should  lower  the  forest  bed  to  the  level  of  the  waves  would  neces¬ 
sarily  lead  to  the  immediate  destruction  of  the  deposit.  Moreover, 
here  as  elsewhere,  we  ask  the  question  as  to  where  we  may  now  find 
this  process  of  undercutting  in  operation?  If  we  account  for  the 
submerged  forests  on  this  theory,  we  should  be  prepared  to  show 
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along  onr  extensive  sliore  line  instances  in  which  it  may  be  seen  in 
various  stages  of  accomplishment.  My  studies  on  the  Atlantic  shore 
line  have  shown  me  in  a  very  detailed  way  the  greater  part  of  the 
coast  between  Eastport  and  New  York.  At  no  point  have  I  ever 
observed  any  process  of  undercutting  the  forest  such  as  this  hypoth¬ 
esis  demands.  I  therefore  take  this  example  as  well  as  the  numer¬ 
ous  others  which  occur  along  our  coast  as  complete  evidence  that  a 
recent  subsidence  of  the  shore  or  elevation  of  the  sea  to  the  amount 
of  several  feet  has  occurred  in  very  modern  times.1 

So  far  this  is  the  only  instance  on  the  periphery  of  Cape  Ann 
where  I  have  been  able  certainly  to  ascertain  the  existence  of  sub¬ 
merged  forests.  It  is  to  be  observed  that  the  conditions  which  per¬ 
mit  the  preservation  and  the  re-elevation  of  such  deposits  are  peculiar. 
Except  where  shown  by  artificial  excavations,  we  find  them  at  points 
where  the  sea  cuts  through  a  mass  of  dune  sand  such  as  forms  along 
the  coast  line  or  sand  of  the  beach,  in  which  the  remains  of  the 
forest  lie  buried.  Where  a  beach  is  gaining  on  the  sea,  as  is  the 
case  with  most  of  the  sand  beaches  of  the  Cape  Ann  district,  we 
can  not  of  course  expect  to  gain  any  sight  of  a  submerged  forest 
existing  at  that  point.  It  is  only  where  the  sand  beaches  are  retreat¬ 
ing  landward  that  the  buried  forests  are  likely  to  be  exposed  to  view. 

Although  the  existing  remains  of  the  submerged  forests  above 
referred  to  prove  at  most  a  subsidence  of  four  or  five  feet,  there 
is  good  reason  to  believe  that  the  total  amount  of  this  depression  has 
been  much  greater  than  is  indicated  at  this  place.  In  the  adjacent 
waters  of  Massachusetts  Bay  we  find  on  the  flats  of  Lynn  Bay 
occasional  stumps  of  trees  faintly  exposed  to  view  through  the  water 
at  the  lowest  run  of  the  tides,  and  in  Cambridgeport,  Mass.,  I  ob¬ 
tained  the  stump  of  a  tree  in  position  seventeen  feet  below  high-tide 
mark,  or  about  seven  feet  below  the  lowest  tides  of  the  present  day. 

EVIDENCES  OF  RECENT  ELEVATION. 

The  evidences  of  recent  elevation  along  the  coast  of  Cape  Ann  are 
extremely  obscure,  at  least  when  compared  with  the  proof  of  such 
movements  afforded  on  the  island  of  Mount  Desert.  The  proofs 
which  we  may  obtain  of  the  temporary  sojourn  of  the  sea  at  heights 
above  its  present  level  fall  into  the  following  classes:  First,  we  may 
have  a  surface  swept  clear  of  all  but  the  larger  bowlders  in  the 
fashion  shown  along  the  present  shore  line.  This  effect  may  be 
looked  for  even  where  the  sea  operated  on  the  surface  for  a  very  brief 
time,  provided  the  drift  coating  was  not  extremely  thick.  Where 
the  surface  has  been  scoured  in  this  fashion  by  the  waves  the  drift 
is  not  only  removed  from  the  convex  portions  of  the  area,  but  is 

1  See  memoir  on  Martha’s  Vineyard,  Annual  Report  U.  S.  Geol.  Survey  for  1885-86; 
also  report  on  Geology  of  Nantucket,  Bulletin  of  Geological  Survey,  No.  53. 
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scoured  out  of  the  crevices  and  clefts  of  the  rock,  in  which  it  is  sure 
to  remain  where  the  waves  have  not  washed  their  surfaces.  Thus, 
such  rock  areas  as  are  shown  in  Pis.  XXXIII,  XXXIV,  LVIII,  LIX, 
LX,  LXI,  and  Fig.  45,  clearly  indicate  the  action  of  the  waves  by 
the  complete  removal  of  the  detrital  material  which  has  accumulated 
at  their  base  in  the  form  of  a  gently  sloping  talus. 


Fig.  44.  Eastern  Point,  40  to  70  feet  above  sea;  ledges  from  which  drift  has  been  completely  removed 
by  marine  action. 

Where  the  waves  operated  for  a  considerable  time  on  the  surface, 
we  may  expect  to  find  the  softer  parts  of  the  rocks,  the  portions  en¬ 
feebled  by  the  numerous  joints  or  by  dikes,  distinctly  excavated,  form¬ 
ing  chasms  or  sea  caves  according  to  the  direction  in  which  the  lines 
of  weakness  extend.  The  amount  of  this  distinct  cutting  action  de¬ 
pends  largely  on  the  slope  of  the  rocky  surface  ;  as  we  see  along  the 
existing  shore  where  this  slope  is  very  gentle  the  sea  has  practically 
no  cutting  power,  whereas  if  the  original  slope  was  steep,  the  cliff 
and  bench,  such  as  shown  in  PI.  XXXIII,  quickly  formed.  Again, 
where  the  process  of  erosion  has  continued  for  a  considerable  time 
the  waste  removed  from  the  salients  will  be  accumulated  in  the  form 
of  beaches  in  the  interior  portion  of  the  re-entrant  angles.  The  ac¬ 
cumulation  of  beaches  appears  to  require  a  more  continued  action 
of  the  sea  than  is  needed  for  the  formation  of  the  other  indices  of 
marine  action. 

It  is  important  to  notice  that  where  the  drift  coating  is  thick  the 
natural  processes  which  affect  the  movements  of  the  soil  after  the 
passage  of  the  sea  from  the  surface  at  once  operate  to  destroy  all 
marks  of  wave  action  upon  the  surface.  Although  a  scarf  may  be 
cut  in  the  detrital  matter,  and  perhaps  in  the  solid  rock  upon  which 
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it  rests,  no  sooner  does  the  sea  disappear  than  gravity,  aided  by  the 
action  of  frost  and  by  the  action  of  trees  which  by  their  expanding 
roots  shove  the  masses  downwards  and  in  the  cases  where  the  trunks 
are  overturned  by  winds  displace  large  masses  of  the  material,  serves 
quickly  to  heal  the  slope,  so  that  in  a  short  time  the  bench  may  be 
entirely  effaced.  This  action  is  so  manifest  on  the  surface  of  Mount 
Desert  that  I  have  long  since  ceased  to  put  much  trust  in  indications 
of  marine  action  derived  from  faces  of  loose  material,  though  it  can 
not  be  denied  that  traces  of  such  erosion  may  be  found  on  the  flanks 
of  some  of  our  drumlins. 

HEIGHT  OF  SEA  SINCE  GLACIAL  PERIOD. 

The  imperfect  evidence  which  I  have  succeeded  in  obtaining  on  the 
Cape  Ann  district,  serving  to  show  the  action  of  the  sea  above  its 
present  level,  is  limited  to  150  feet  above  the  present  tide  mark. 
Within  this  section  the  evidence  consists  mainly  in  the  removal  of 
the  drift  from  extensive  areas  of  rock  on  which  it  was  originally 
thinly  distributed. 

Where,  on  a  large  area,  we  find  no  glacial  debris  except  occasional 
bowlders  with  the  dimensions  of  those  which  now  resist  the  action  of 
the  waves  along  the  shore,  we  may  be  pretty  sure  that  the  sea  has  not 
acted,  and  this  for  the  following  reason,  viz:  On  any  surface  which 
has  been  glacially  eroded,  as  has  the  whole  of  the  Cape  Ann  district, 
the  ice  as  it  passed  away  must  have  left  a  thin  sheet  of  detrital  ma¬ 
terials.  Even  where  the  surface  was  more  or  less  washed  by  the  melt¬ 
ing  waters  of  the  retreating  ice,  the  crannies  and  hollow  places  of 
the  rock  surfaces  would  necessarily  contain  a  good  deal  of  glacial 
waste  which  would  escape  removal.  I  am  unable  to  explain  a  com¬ 
plete  scouring  of  the  surface,  such  as  is  exhibited  in  Pis.  LIV  and 
LIX,  without  having  recourse  to  wave  action. 

The  argument  in  favor  of  wave  action  becomes  stronger  when,  as 
before  remarked,  we  find  the  steeper  faces  of  the  rocks  worn  by  the 
work  of  the  sea  in  the  fashion  that  can  be  effected  only  by  the  batter¬ 
ing  action  of  the  surges.  It  is  usually  easy  in  case  of  any  strongly 
projecting  mass  of  glacially  eroded  bed  rock  to  determine  which  of 
its  several  versants  would  have  received  the  direct  beating  of  the 
waves  and  which  would  have  been  protected  from  their  action.  If, 
on  the  faces  which  would  have  been  exposed  to  the  ocean  surges  at 
the  time  when  the  sea  is  supposed  to  have  stood  at  the  higher  level, 
we  find  a  recognizable  amount  of  marine  erosion,  we  substantiate 
the  hypothesis  which  supposes  the  original  greater  height  of  the  sea. 

Beginning  at  the  present  level  of  the  sea,  we  first  note  the  fact 
that  the  recent  slight  uplift  has  raised  the  shore  to  the  amount  of 
something  less  than  ten  feet.  This  is  shown  by  the  conditions  pre¬ 
vailing  in  many  of  the  clefts  along  the  shore  which  have  evidently 
been  eroded  by  wave  action,  though  the  principal  parts  of  ascending 
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floors  are  at  present  sufficiently  above  the  existing  plane  of  the  sea. 
Thus  in  PI.  LXII  we  see  an  example  of  the  cases  of  chasms  which 
are  evidently  due  to  wave  action,  but  which  have  parts  of  their  beds 
now  much  above  the  water  level.  Furthermore,  it  appears  evident 
at  various  points  on  the  shore,  as  is  exhibited  in  Fig.  45  and  PI.  LXI 
that  the  rock  surface  has  been  swept  by  waves  when  the  sea  had 
access  to  somewhat  higher  points  than  it  has  at  present. 

At  first  sight  I  was  disposed  to  attribute  this  difference  in  the 
action  of  the  waves  to  the  gradual  shoaling  of  the  water  of  the  coast 
and  the  consequent  failure  of  the  waves  to  attain  the  shore  when 
they  were  operating  with  their  utmost  energy.  A  careful  consider¬ 
ation  of  the  facts,  however,  has  satisfied  me  that  this  is  not  a  suffi¬ 
cient  explanation  of  the  phenomena,  for  the  reason  that  the  evidence  of 
uprising  is  conspicuous  even  on  those  parts  of  the  shore  where  in  the 
heaviest  storms  the  waves  do  not  break  until  they  touch  the  shore  line. 
Thus  in  the  case  of  the  excavated  dike  on  the  east  side  of  Gloucester 
harbor,  shown  in  PI.  LXII.  the  waves  never  have  any  great  energy 
and  yet  they  have  clearly  operated  to  excavate  the  dike  to  a  height  of 
about  ten  feet  above  the  level  at  which  they  at  present  operate. 

Passing  upwards,  we  find  the  next  level  on  which  marine  action  is 
indicated  at  a  height  of  about  forty  feet  above  the  present  high  tide 
and  thence  upward  to  the  height  of  about  seventy  feet.  The  opera¬ 
tion  of  the  sea  at  this  height  is  more  or  less  plainly  shown  around 
the  whole  of  the  periphery  of  Cape  Ann,  wherever  the  surfaces  are 
well  fitted  to  retain  indications  of  marine  action.  Thus  in  Fig.  45, 
on  the  east  shore  of  Gloucester  harbor  we  note  a  portion  of  an  ex¬ 
tensive  field  which  has  been  thoroughly  washed  by  wave  action  and 
the  crannies*  cleared  of  all  save  a  few  tightly  wedged  bowlders  and 
the  lines  of  weakness  to  a  certain  extent  developed  in  the  form  of 
sea  caves  and  clefts. 

The  next  level  exhibiting  distinct  marine  erosion  is  at  the  height 
of  from  about  one  hundred  to  one  hundred  and  thirty  feet.  The  in¬ 
dications  of  marine  action  at  this  height  are  more  distinct  upon  the 
eastern  and  southern  portions  of  the  island  than  upon  other  parts, 
for  the  reason  that  the  rocks  stand  in  more  favorable  positions  for 
the  exposition  of  such  action  and  they  are  less  thickly  covered  by  a 
drift  coating  which  might,  as  before  suggested,  conceal  the  effects  of 
the  waves.  Above  the  height  of  130  feet  nearly  the  whole  of  the 
island  is  thickly  covered  with  the  morainal  matter.  The  extreme 
instability  of  the  slopes  cut  in  this  material  is  well  shown  by  the 
constant  movement  of  the  detritus  where  it  is  exposed  at  steep  slopes 
in  existing  railway  cuts.  A  few  thousand  years  of  exposure,  espe¬ 
cially  if  the  surface  becomes  subjected  to  the  action  of  strong  roots 
and  the  overturning  of  trees,  would  clearly  serve  to  efface  marine 
scarfs  or  other  evidences  of  shore-line  action. 

The  very  fact  that  morainal  drift  on  this  island  is  mainly  limited 
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to  heights  above  100  feet  is  of  itself  evidence  of  a  certain  valne  to 
show  the  action  of  the  sea.  (See  PI.  LXXV.)  There  is  no  other 
way  in  which  we  can  so  well  account  for  the  limitation  in  distribu¬ 
tion  of  this  drift  as  by  the  supposition  that  it  has  been  worn  away 
at  lower  levels  by  marine  action,  taking  effect  in  the  form  of  waves 
or  of  shore  ice. 

Below  the  general  surface  of  rocks  apparently  wave  swept,  between 
the  present  level  of  the  sea  and  the  height  of  140  feet,  we  almost  in¬ 
variably  find  a  gently  inclined  talus,  composed  of  materials  which, 
we  may  presume,  have  been  swept  from  the  bared  surfaces.  '  Wher¬ 
ever  we  are  enabled  to  get  any  section  of  this  detrital  matter  it  ap¬ 
pears  to  be  rudely  stratified,  much  as  the  waste  which  has  lately  been 
stripped  from  the  shoreline  is  laid  down  at  the  foot  of  the  sea  cliffs. 

At  first  sight  the  observer  may  be  surprised  to  find  that  these  ta- 
luses  have  not  their  upper  edge  at  a  regular  height  above  the  level  of 
the  sea ;  in  other  words,  they  are  not  beaches  formed  at  the  foot  of 
cliffs  but  under-water  taluses,  having  only  a  partial  likeness  to  the 
beach  structures.  If  he  will  observe  the  existing  shore  line  with  the 
plummet  to  determine  the  depth  of  the  taluses  below  sea  water  he 
will  find  that  they  exhibit  an  irregularity  like  that  which  we  find  at 
higher  levels  where  we  have  assumed  that  the  sea  operated. 

The  only  difficulty  which  we  encounter  in  supposing  that  the 
phenomena  in  question  are  to  be  explained  by  marine  action  at  higher 
levels  is  due  to  the  fact  that  we  fail  to  find  distinct  beaches  of  char¬ 
acteristic  shape  lying  in  positions  corresponding  to  those  they  now 
occupy  at  lower  levels.  So  far  I  have  been  unable  to  trace  any  un¬ 
questionable  beaches  which  were  formed  during  the  time  when  the 
sea  should  have  occupied  the  higher  levels  where  I  am  disposed  to 
believe  it  has  been.  The  failure  to  find  these  structures  is  certainly 
an  argument  against  a  long  continued  action  of  the  sea  at  any  point 
above  its  present  height.  A  careful  study,  however,  has  convinced 
me  that  beaches  are  not  quickly  or  rapidly  formed  by  marine  action, 
but  they  represent  the  slow  operation  of  forces  which  can  come  into 
action  only  under  peculiar  circumstances.  Replacing  the  sea  along 
this  shore  at  the  height  of  100  feet  in  imagination,  we  note  that  the 
considerable  depth  of  water  of  that  shore  line  would  make  it  impossi¬ 
ble  for  the  waves  to  come  into  possession  of  any  large  amount  of  detri¬ 
tus.  The  fine  matter  in  moraines  is  relatively  small  in  quantity,  and 
the  large  bowlders  are  hard  to  move  in  the  manner  necessary  to  form 
beaches.  All  save  the  largest  of  them  would  quickly  be  dragged 
into  the  troughs  of  the  shore,  but  it  would  evidently  require  a  con¬ 
siderable  time  for  the  formation  of  any  distinct  beaches  in  the  re¬ 
entrants.  At  present  a  greater  part  of  the  pebbles  which  are  found 
on  such  beaches  are  brought  in  by  the  action  of  marine  plants,  which, 
presumably,  did  not  exist  along  this  shore  in  the  closing  stages  of 
the  ice  time.  The  sands  of  the  sand  beaches  are  heaved  in  from  the 
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seaward,  owing  to  the  fact  that  the  water  in  the  existing  condition 
of  the  levels  is  tolerably  shallow.  With  100  feet  added  to  the  depth, 
they  would  be  as  completely  wanting  as  they  now  are  on  many  parts 
of  the  coast  of  Maine.  It  is  only  the  beaches  composed  of  large 
rounded  pebbles,  exceeding  six  inches  in  diameter,  which  we  could 
expect  to  find  along  the  shore  line  when  it  was  at  higher  levels,  and 
such  accumulations  never  have  the  characteristic  form  of  ordinary 
beaches. 

There  are  many  points  about  Boston  where  artificial  scarfs  such  as 
those  made  by  roads  have  been  formed  on  slopes  of  drift  materials 
and  allowed  by  the  abandonment  of  the  way  to  return  to  a  state 
of  nature.  Studying  such  localities,  we  observe  that  the  action  of 
frost  and  rain  serves  in  the  course  of  a  score  or  two  of  years  to  de¬ 
stroy  most  of  the  superficial  indications  of  such  an  excavation.  Even 
after  twenty  years,  in  the  case  of  scarfs  which  have  been  exposed  in 
a  steep  wall  three  or  four  feet  high,  the  effect  of  the  cutting  is  very 
faintly  indicated.  It  is  impossible  that  such  indentations  would  sur¬ 
vive  the  processes  of  nature  for  as  much  as  a  thousand  years  on  an 
ordinary  surface.  It  is  a  noteworthy  fact  that  on  Mount  Desert, 
where  as  noted  in  my  report  (loc.  cit.)  the  old  sea  levels  though  dis¬ 
tinctly  indicated  by  excavations  in  the  jointed  granitic  rocks,  are 
rarely  manifested  in  the  detrital  materials,  only  at  altitudes  within 
100  feet  of  the  sea  level  and  in  places  where  the  detrital  materials  are 
more  abundant  than  at  any  point  on  Cape  Ann,  do  we  find  the  ma¬ 
rine  action  manifested  in  the  form  of  beaches.  Thus,  on  the  peri¬ 
phery  of  Mount  Desert,  which  has  an  extent  of  from  50  to  60  miles, 
there  are  but  two  places  in  all  the  ancient  shore  lines,  having  to¬ 
gether  a  length  of  less  than  half  a  mile,  where  it  is  possible  to  deter¬ 
mine  the  existence  of  sea-worn  gravels  disposed  in  their  characteristic 
form.  So  it  is  hardly  a  matter  of  surprise  that  we  should  fail  to  find 
them  on  the  much  smaller  area  of  Cape  Ann,  where  the  detrital  mat¬ 
ter  is  less  suited  to  form  beaches.  Therefore,  in  endeavoring  to  as¬ 
certain  the  former  presence  of  the  sea  at  higher  levels,  I  have  relied 
upon  the  evidences  of  the  scouring  action  of  the  waves  and  the  in¬ 
dentations  which  they  have  produced  on  the  bed  rocks  rather  than 
upon  the  action  exhibited  by  detrital  materials. 

DUNES  OF  CAPE  ANN  DISTKICT. 

We  may  here  note  certain  interesting  features  connected  with  the 
dune  deposits  which  occur  in  the  Cape  Ann  district.  This  portion 
of  the  shore  of  New  England  is  interesting  for  the  reason  that  it  is 
one  of  the  northernmost  points  at  which  extensive  duning  occurs, 
it  being  part  of  a  field  occupied  by  deposits  of  this  nature  extending 
from  the  northern  point  of  Cape  Ann  to  Portsmouth,  N.  H.  (See 
PI.  LXIII).  On  the  island  of  Cape  Ann  the  most  important  dunes 
occur  on  the  north  shore  and  uoon  the  east  face  of  the  island  near 
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Long  Beach.  Those  near  Long  Beach  belong  to  the  ordinary  cate¬ 
gory  of  shore  dunes,  which  are  in  the  process  of  growth  at  the 
present  time. 

On  the  north  shore  of  that  island  we  have  a  series  of  these  dune 
deposits  extending  from  near  Halibut  Point  to  Annisquam  harbor, 
which  are  particularly  interesting  for  the  reason  that  they  are 
evidently  due  to  some  conditions  which  are  not  in  operation  at 
present.  All  these  dunes  on  the  northern  face  of  the  island  have 
long  been  grassed,  and  there  is  no  indication  that  sand  is  now  com¬ 
ing  ashore  in  sufficient  quantities  to  produce  deposits  of  this  nature. 
The  water  of  the  north  shore  is  so  deep  that  only  very  small  amounts 
of  sandy  matter  are  from  time  to  time  scoured  up  among  the  rocks, 
yet  it  is  evident  that  in  a  recent  period  the  amount  of  sand  yielded  to 
the  wind  was  large.  The  only  way  in  which  I  can  explain  this  pe¬ 
culiar  feature  is  by  supposing  that  at  a  time  before  the  last  subsidence, 
indicated  by  the  submerged  forest  before  described,  this  north  shore 
was  sufficiently  elevated  to  afford  sand  beaches  along  the  coast  from 
which  these  dune  sands  have  been  swept  inland. 

In  passing  I  may  remark  that  the  singular  occurrence  of  what  ap¬ 
pear  to  be  dune  sands  at  various  points  remote  from  the  present  coast 
in  Massachusetts  and  Rhode  Island  may  perhaps  be  explained  by  the 
former  presence  of  the  sea  at  higher  levels  along  the  shore.  On  the 
mainland  opposite  Annisquam  village,  the  point  known  as  Coffin’s 
Beach,  there  are  very  extensive  dune  deposits  which  are  in  the  proc¬ 
ess  of  active  construction.  There  is  a  tradition  to  the  effect  that  two 
small  farms  which  were  tilled  during  the  last  century  have  been 
overwhelmed  by  the  southern  march  of  these  sands.  The  genesis  of 
these  dunes  is  easily  to  be  understood.  The  shore  from  Coffin’s 
Beach  to  ISTewburyport  trends  in  a  general  northwest  direction,  the 
whole  of  this  coast  constituting  a  great  pocket  beach  on  which  the 
sands  tend  to  move  southwardly  under  the  influence  of  the  waves, 
their  further  southward  journey  being  hindered  by  the  salient  of 
Cape  Ann.  The  wind  frequently  blows  in  dry  periods  froln  the 
northwest  and  sweeps  the  beach  sands  southward  to  the  bottom  of 
the  recess  and  accumulates  them  in  these  dune  hills.  It  is  likely  that 
the  southward  movement  of  these  sands  was  greater  in  the  period  of 
elevation  just  referred  to  than  it  is  at  present.  Despite  the  evidence 
of  the  tradition  which  goes  to  show  that  these  sands  have  recently  ad¬ 
vanced  to  the  south,  I  am  of  the  opinion  that  the  accumulation  of  the 
deposit  mostly  took  place  in  ancient  times. 

MARSHES. 

The  marshes  of  Cape  Ann  occupy  but  a  limited  area.  They  are 
divisible  into  three  groups,  fresh  water  deposits  of  the  uplands, 
fresh  water  deposits  formed  behind  walled  beaches,  and  true  tidal 
marshes.  The  upland  morasses  are  all  of  small  area  and  with  the 
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exception  of  a  few  deposits  made  in  kame  pits  they  lie  altogether  in 
irregularities  of  the  ground  or  frontal  moraines  or  in  the  numerous 
rock  basins  which  beset  the  surface  of  the  island.  None  of  these 
areas  appear  to  be  drainable  and  they  are  therefore  of  no  economic 
importance.  The  marshes  impounded  by  beach  walls  are  also  of 
small  extent,  only  one  being  of  sufficient  area  for  discussion.  These 
lie  on  the  shore  between  Briar’s  Neck  and  Bass  Rocks.  There  is  here 
an  area  of  one*  hundred  acres  or  more,  the  drainage  of  which  is  af¬ 
fected  by  the  access  of  the  tide  and  a  portion  of  the  field  is  ordinary 
salt  marsh.  By  closing  out  the  salt  water  by  dams,  with  considerable 
exits  for  the  inland  waters,  an  important  area  can  be  reclaimed  at 
this  point.  On  Squam  River,  a  considerable  fiord  which  separates 
the  island  of  Cape  Ann  from  the  main,  there  is  a  total  area  of  about 
one  hundred  acres  of  reclaimable  salt  marsh.  Unfortunately,  a 
large  part  of  this  area  is  of  a  sandy  nature.  The  sands  which  have 
worked  down  the  shore  from  the  northwest  and  which  have  formed 
in  part  the  dunes  of  Coffin’s  Beach  have  poured  into  this  basin  and 
affected  the  character  of  the  marshes  as  far  south  as  Pearce’s  Island. 
Nevertheless,  these  marshes  appear  tome  to  be  worth  winning  to  agri¬ 
culture.  They  can  be  reclaimed  by  very  slight  dams,  for  the  reason 
that  the  waves  they  would  face  are  of  trifling  size.  Although  the 
sand  which  has  been  contributed  to  these  marshes  will  somewhat  di¬ 
minish  their  fertility,  the  admixture  will  make  it  easier  for  them  to  be 
reduced  to  the  tillage  state.  Including  the  marshes  along  Little 
River,  it  appears  to  me  likely  that  from  300  to  600  acres  of  high  grade 
agricultural  land  can  be  won  along  the  shores  of  this  fiord. 

PHYSICAL  STRUCTURE  OF  THE  BED  ROCKS  OF'  CAPE  ANN. 

One  of  the  principal  objects  of  this  memoir  is  to  set  forth  certain 
features  connected  with  the  crystalline  rocks  of  Cape  Ann.  No¬ 
where  along  our  coast  are  rocks  of  this  description  so  well  shown  as 
here.  With  slight  exceptions,  where  these  materials  are  covered  by 
recently  formed  beaches,  the  whole  periphery  of  the  island  is  ex¬ 
posed  to  view.  These  rocks  form  the  root  of  a  considerable  anti¬ 
cline,  the  axis  of  which  extends  from  northeast  to  southwest.  The 
shore  line  of  Cape  Ann  affords  us  by  its  varied  outline  extensive 
sections  parallel  with  the  trend’ of  the  anticline  and  across  its  axis. 
We  are  thus  enabled  to  observe  in  a  large  way  the  nature  of  the 
accidents  which  took  place  during  the  movement  which  attended 
the  formation  of  this  mountain  ridge. 

This  region  is  very  favorably  suited  for  the  study  of  joint  systems 
developed  in  the  macro-crystalline  rocks,  and  also  for  observations 
on  a  variety  of  dike  injections  which  occurred  at  successive  periods 
during  the  construction  of  the  mountain  uplift.  At  no  other  point 
on  the  east  coast  of  the  United  States  do  we  have  anything  like  as 
good  an  opportunity  to  follow  the  dynamic  history  of  the  lower  por- 


GEOLOGICAL  SURVEY  NINTH  ANNUAL  REPORT  PL.  LX 


SHALER.l 


ROCK  STRUCTURE. 


577 


tion  of  an  extensive  anticline.  In  the  interior  districts  of  the  coun¬ 
try  there  are  many  points  at  which  erosion  has  in  a  measure  dis¬ 
closed  the  substructure  of  great  mountain  arches  ;  but  so  far  as  is 
known  to  me  there  is  no  case  in  which  this  structure  is  not  very 
much  masked  by  accumulations  of  soil  or  rubbly  material.  At  this 
point  the  action  of  the  sea  has  given  us  a  remarkably  clear  horizon¬ 
tal  section  many  miles  in  extent. 

The  disclosure  of  this  anticline  which  the  sea  has  afforded  extends 
somewhat  beyond  the  limits  of  Cape  Ann.  It  begins  on  the  south¬ 
west  at  Lynn  and  extends  along  the  shore  through  Swampscott, 
Marblehead,  Beverly,  Manchester,  and  Magnolia,  to  Cape  Ann. 
Although  it  is  intersected  at  Cape  Ann  by  the  fiord  indentation 
of  Annisquam  Reach,  it  is  essentially  a  part  of  the  same  geologic 
structure.  It  will  therefore  be  necessary  to  extend  our  consideration 
to  the  shore  of  Massachusetts  Bay  as  far  west  as  Lynn.  It  will  be 
particularly  desirable  to  effect  this  extension  for  the  reason  that  in 
the  section  southwest  of  Cape  Ann  we  have  the  peripheral  deposits 
of  the  anticline  fairly  well  disclosed,  and  can  see  the  relations  of 
the  granitites  to  the  superjacent  deposits,  which  belong  in  the  anti¬ 
clinal  fold  or  lie  upon  the  node  between  the  up  curve  and  down 
curve  of  the  mountain  arch. 

West  of  Lynn,  in  the  region  near  the  southwestern  extremity  of 
Boston  Bay  syncline,  we  have  an  extensive  series  of  more  or  less 
metamorphosed  rocks,  including  the  Cambridge  slates,  the  Roxbury 
conglomerates,  the  Naliant  schists,  and  the  Braintree  fossiliferous 
slates.  These  beds  have  an  aggregate  thickness  of  not  less  than 
G,000  feet,  and  they  may  be  of  much  greater  depth.  They  occupy 
the  whole  field  of  the  central  part  of  the  syncline.  In  this  section 
there  have  been  very  extensive  though  irregular  extrusions  of  vol¬ 
canic  rocks,  rocks  which  appear  to  have  been  in  part  at  least  the 
product  of  subaerial  volcanic  action.  These  deposits  are  found  in 
the  northern  part  of  the  syncline  near  Lynn,  Saugus,  and  Malden. 
On  the  south  shore  they  occur  in  Hingliam  and  Nantasket.  They 
apparently  lie  in  immediate  contact  with  the  granitic  series  which 
compose  the  mass  of  the  anticline,  and  were  probably  formed  after 
these  highly  crystalline  rocks  took  on  their  character  and  assumed 
their  present  relations  to  the  mountain  arch. 

There  can  be  little  doubt  that  a  large  part  of  the  beds  which  oc¬ 
cupy  the  central  portion  of  the  syncline  was  deposited  before  the 
uplift  of  the  anticlinal  axis.  The  Braintree  series  appears  to  have 
been  formed  in  deep  water  at  a  distance  from  the  shore.  The  slates 
of  Cambridge  and  Somerville  which  probably  lie  at  the  base  of  the 
Roxbury  conglomerate  also  seem  to  have  formed  in  deep  water;  but 
the  Roxbury  conglomerate  contains  abundant  fragments  among  its 
pebbles  which  appear  to  have  been  derived  from  the  erosion  of  the 
anticlines  which  bound  the  basin  in  which  it  lies.  Not  only  are  the 
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granitites  and  tlieir  accompanying  dikes  of  this  anticlinal  axis  ex¬ 
tensively  represented,  composing,  indeed,  in  places  a  large  part  of  the 
fragmental  material,  but  the  volcanic  ejections  before  mentioned  are 
also  represented  in  these  pebbles.  It  is  also  probable  that  a  large 
part,  if  not  the  whole,  of  the  Nahant  series  was  deposited  after  the 
time  when  the  syncline  and  the  corresponding  anticlines  on  the  north 
and  sontli  had  begun  to  develop. 

Thus  the  general  history  of  these  mountain  movements  appears  to 
have  been  as  follows:  Anterior  to  the  orographic  development  of  this 
district,  it  was  occupied  by  an  extensive  series  of  deposits  of  un¬ 
known  thickness  and  of  early  Cambrian  age.  Evidence  which  can 
not  be  given  here  appears  to  indicate  that  these  ancient  beds  were 
considerably  eroded  before  they  were  disturbed  by  mountain  fold¬ 
ings;  then  came  the  formation  of  the  anticlines,  attended  or  fol¬ 
lowed  by  the  volcanic  outbreaks  indicated  by  the  remaining  accumu¬ 
lations  of  this  nature  in  Lynn  and  Nantasket  districts.  Afterwards, 
most  likely  in  the  period  of  the  Potsdam  sandstone,  though  perhaps 
at  a  subsequent  date,  came  the  extensive  erosions  from  the  anticlines 
and  depositions  in  the  syncline,  which  produced  the  Roxbury  con¬ 
glomerates. 

This  much  of  the  history  of  the  Boston  axes  is  indicated  by  the 
beds  which  lie  to  the  southwest  of  Swampscott.  To  the  northeast  of 
Swampscott,  marine  and  other  erosion  has  swept  away  or  reduced 
below  the  ocean  level  all  the  beds  which  belong  in  the  synclinal  as 
well  as  those  volcanic  ejections  which  lie  upon  the  flanks  of  the  anti¬ 
clinal,  and  thence  outwardly  to  the  extremity  of  Cape  Ann  we  have 
only  the  roots  of  the  old  mountain  axis  which  we  are  considering. 
From  Lynn  eastward  the  superficial  deposits  are  almost  entirely  re¬ 
moved  and  exhibit  the  succession  of  crystalline  rocks.  At  first  on 
the  west  these  are  more  or  less  gneissoid,  and  as  we  go  east  as  far  as 
Beverly  they  become  more  and  more  massive  until  we  find  the  ma¬ 
terials  of  the  normal  purely  crystalline  structure  exhibited  on  Cape 
Ann.  The  section  from  Lynn  to  Annisquam  Reach  is  in  a  general 
way  beveled  from  the  higher  to  the  lower  and  more  crystalline  rocks. 
Although  it  is  not  possible  to  trace  the  section  in  detail,  on  account 
of  the  abundant  faulting  and  other  movements  to  which  it  has  been 
subjected,  I  am  inclined  to  think  that  there  is  a  belt  of  gneissoid 
rocks,  having  a  depth  of  from  1,000  to  3,000  feet,  lying  between  the 
purely  crystalline  granites  and  the  distinctly  stratified  Cambrian  de¬ 
posits  of  the  syncline.  In  the  main,  the  volcanic  series  appears  to 
rest  upon  and  break  through  these  somewhat  gneissic  rocks. 

From  Lynn,  where  the  massive  crystalline  rocks  first  come  to  the 
shore,  eastward  to  Cape  Ann,  the  coast  line  is  abundantly  intersected 
by  dikes.  Eastward  as  far  as  Marblehead,  the  larger  part  of  these 
injections  consist  of  distinctly  porphyritic  material.  From  Marble¬ 
head  to  Cape  Ann,  the  proportion  of  this  porphyritic  material  pro- 
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gressively  diminishes  and  the  dikes  have  an  ordinary  crystalline 
character  becoming  relatively  more  abundant.  Along  this  part  of 
the  south  wall  of  the  anticline,  in  which  the  obscurely  gneissic  rocks 
find  a  place,  the  dikes  are  greatly  disrupted.  Thus,  at  the  Preston 
House,  near  the  line  between  the  towns  of  Lynn  and  Swampscott, 
where  there  is  a  very  extensive  exposure  of  massive  rocks  that  have 
been  laid  bare  by  the  action  of  the  sea,  we  find  all  the  dikes  extraor¬ 
dinarily  ruptured  by  faults,  and  broken  up  in  a  degree  never  seen 
on  Cape  Ann.  In  general,  it  appears  that  the  flanks  of  this  anti¬ 
cline,  in  the  section  where  the  uplift  of  the  anticline  is  turning  to  the 
downward  flexure  of  the  syncline,  have  been  much  more  affected  by 
disruptive  movements  than  the  central  portions  of  the  anticlinal 
axis  which  alone  are  represented  on  Cape  Ann. 

MINER ALOGICAL  CHARACTER  OF  ROCKS. 

Within  the  limits  of  Cape  Ann,  saving  in  the  case  of  small  inclu¬ 
sions,  all  the  granitic  rock  is  of  an  entirely  massive  character.  No 
trace  of  gneissoid  structure  lias  been  observed  in  any  part  of  that 
field,  the  fact  probably  being  that  the  whole  of  the  gneissic  part  of  the 
section  has  been  stripped  away.  Prolonging  in  a  general  manner  the 
axis  of  such  rocks  as  they  appear  on  the  southwest,  it  is  readily  seen 
that  they  come  within  a  mile  of  the  southern  portion  of  this  Cape. 

Although  the  granites  of  Cape  Ann  vary  somewhat  in  character 
in  different  parts  of  that  field,  at  no  point  are  the  variations  so  far 
constant  that  any  discrimination  of  the  deposits  into  distinct  areas, 
at  least  in  the  present  state  of  our  information,  can  be  effected. 

DIKES  OF  THE  CAPE  ANN  DISTRICT. 

One  of  the  aims  of  this  inquiry  has  been  to  determine  the  nui  iber, 
character,  and  position  of  dike  intrusions  in  this  district.  The 
study  of  the  shore  line  where  the  rocks  are  bared  by  the  sea,  in 
quarries  and  other  artificial  cuttings,  has  shown  a  total  of  361  dike 
intrusions.  Some  30  dikes  which  have  been  observed  only  in  quar¬ 
ries  may  be  identical  with  some  which  appear  on  the  coast  line,  but 
the  repetitions  are  not  likely  to  diminish  the  total  as  set  forth  above. 

The  portion  of  the  crystalline  rocks  of  Cape  Ann  which  is  bared 
by  the  action  of  the  sea  or  by  artificial  openings  probably  does  not 
exceed  a  twentieth  of  its  total  area.  Although  there  are  large  sur¬ 
faces  of  bed  rocks  exposed  to  view  in  the  interior  of  the  island,  these 
areas  in  their  natural  state  reveal  few  dikes,  owing  to  the  fact  that 
the  contents  of  these  fissures  readily  decay  and  form  crevices  which 
are  filled  with  rubble  or  drift  materials.  Only  five  dikes  have  been 
determined  in  these  natural  exposures  of  bed  rocks,  though  many 
have  been  suspected  to  exist.  The  distribution  of  dikes  on  the 
shore,  the  abundant  waste  of  such  injections  in  the  drift,  and  the 
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other  evidence  before  adduced  go  to  show  that  these  injections  are 
about  as  numerous  in  the  interior  as  they  are  on  the  coast.  We  may 
therefore  rechon  that  the  number  of  these  intrusions  within  the 
limits  of  the  island  amounts  to  a  much  larger  number  than  those 
exposed  to  view. 

Neglecting  at  present  the  topographical  character  of  the  dikes,  we 
find  the  general  distribution  of  such  fissures  about  as  follows  :  Be¬ 
ginning  with  Eastern  Point,  we  find  that  promontory  moderately 
intersected  with  dikes  to  High  Pebble  Beach  ;  from  that  point  to 
Good  Harbor  Beach  the  number  of  these  injections  rapidly  increases. 
At  Bass  Rocks  tliey^  are  about  as  abundant  as  at  any  point  on  the 
island,  constituting  perhaps  a  twenty-fifth  of  the  visible  mass.  (See 
PI.  LIX.)  They  are  also  extremely  abundant  on  Rocky  Neck,  in 
Gloucester  harbor.  From  Bass  Rocks  to  Cape  Hedge  the  shore  line 
is  mainly  occupied  by  beach  accumulations.  On  the  exposed  por¬ 
tion  of  the  shore  occupied  by  Briar  Neck  inside  of  Salt  Island  the 
dikes  are  again  extremely  abundant,  The  indications  derived  from 
the  interior  appear  to  make  it  likely  that  the  rocks  to  the  west  of  Briar 
Neck  are  extensively  cut  by  these  injections,  which  mostly  have  a 
northwest  and  southwest  extension.  From  Cape  Hedge  to  Sandy 
Bay  the  number  in  a  given  extent  of  shore  line  diminishes  ;  they  are 
still,  however,  tolerably  abundant.  From  Sandy  Bay  to  Folly  Cove 
they  are  substantially  wanting,  except  in  a  small  extent  of  shore  on 
Halibut  Point,  where  half  a  dozen  occur.  From  Folly  Cove  south- 
westward  they  again  become  abundant  and  continue  so  to  the  mouth 
of  Annisquam  harbor,  being  most  developed  from  Davis’s  Neck  to 
the  entrance  of  that  harbor.  Along  the  shore  of  Annisquam  Reach 
from  its  northern  mouth  to  Gloucester  the  conditions  of  the  shore 
are  not  well  suited  to  disclose  these  dikes,  but  the  evidence  seems  to 
indicate  that  they  abound  in  this  portion  of  the  section. 

DISTRIBUTION  OF  DIKES. 

The  diagrammatic  summaries  showing  the  distribution  of  dikes 
give  with  close  approximation  to  accuracy  their  distribution  as  re¬ 
gards  compass  directions.  (Fig.  40.)  It  will  be  seen  that  of  the  301 
dikes  the  courses  of  which  have  been  observed,  including  about  all 
which  are  visible  on  the  island,  206  lie  in  the  quadrant  between 
northwest  and  north,  and  150  in  the  25°  between  N.  45°  W.  and  N. 
20°  W.  It  is  thus  evident  that  by  far  the  greater  part  of  the  dikes, 
200  out  of  361,  as  against  95  in  other  parts  of  the  circle,  lie  in  the 
northwest  quadrant,  and  more  than  half  the  total  in  the  45  degrees 
between  north  and  northwest.  The  remainder  of  the  dikes  are  ir¬ 
regularly  distributed,  the  only  considerable  accumulation  being  in 
the  portion  of  the  circle  between  N.  30°  E.  and  N.  00°  E.,  where  there 
are  44  dikes.  The  most  remarkable  concentration  is  that  which 
occurs  between  N.  30°  and  N.  35°  W.,  where  in  all  there  are  53  fis- 
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sures,  or  about  a  seventh  of  the  total  number.  Thus  the  ratio  of 
accumulation  in  these  live  degrees  of  the  half  circle  is  about  as  7  to  3G 
in  the  remaining  175  degrees.  As  a  whole  the  observed  attitudes  of 
these  dikes  show  that  they  are  far  more  developed  in  the  quadrant 
from  north  to  west  than  in  the  quadrant  from  north  to  east,  in  the 
ratio  of  1GG  to  05,  with,  as  before  remarked,  a  singular  concentration 
in  the  section  between  N.  30°  W.  and  N.  35°  W. 


N. 


Fig.  45.  Diagrammatic  tabulation  of  strikes  of  dikes  on  the  island  of  Cape  Ann. 


The  appended  diagram  (Fig.  47)  indicates  the  attitude  of  the  dikes 
with  reference  to  the  vertical.  It  shows  that  the  range  in  position 
is  from  30°  to  90°,  with  a  steadfastly  increasing  number  as  we  ap¬ 
proach  the  vertical  position.  No  dikes  of  any  description  have  been 
seen  in  positions  near  a  horizontal  plane.  No  trace  of  anything  like 
an  approach  to  a  iaccolitic  structure  has  been  observed  in  any  part 
of  this  field. 

This  enumeration  does  not  include  the  large  masses  of  diorite  in 
the  valley  of  the  Annisquam  Fiord  nor  the  great  masses  of  granite 
porphyry  which  lie  in  the  same  region  and  on  the  east  shore  of  Cape 
Ann. 

The  range  in  diameter  of  the  dikes  is  from  a  width  of  forty  feet 
to  very  narrow  intrusions  with  a  width  of  half  an  inch,  fine  stringers 
often  being  not  more  than  one-tenth  of  an  inch  in  diameter  at  twenty 
feet  from  the  main  mass. 

Owing  to  the  conditions  of  exposure  it  has  not  proved  possible  to 
trace  the  horizontal  extension  of  these  injections.  It  is  worthy  of 
note,  however,  that  in  no  case  has  it  proved  possible  to  find  both 
ends  of  any  injection,  and  in  less  than  half  a  dozen  cases  has  either 
extremity  been  seen.  Considering  the  large  number  of  dikes  exam¬ 
ined  and  the  fact  that  many  of  them  have  been  traced  for  hundreds 
of  feet,  it  becomes  clear  that  the  longitudinal  extension  of  these  fis¬ 
sures  is  generally  great.  In  the  case  of  one  dike,  the  great  porphy- 
ritic  intrusion  of  Pigeon  Cove,  there  can  be  no  question  that  it  ex- 
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tends  from  a  position  one-fonrthof  a  mile  southwest  of  Straitsmouth 
Point,  beneath  Sandy  Bay.  to  Pigeon  Cove,  and  thence  across  the 
island  to  near  Folly  Cove.  It  is  true  that  a  portion  of  this  extent  is 
hidden  by  the  sea,  hut  such  is  the  similarity  in  the  physical  cliarac- 


N. 


Fig.  46.  Tabulation  of  dips  of  dikes  ou  the  island  of  Cape  Ann. 


ter,  general  strike,  and  other  features  of  the  injection,  that  the  iden¬ 
tity  of  the  dike  throughout  its  length  can  hardly  he  doubted.  The 
distance  between  these  two  points  is  about  three  miles. 

These  dikes  in  great  part  are  characterized  by  clean  walls,  and 
as  a  whole  they  are  not  greatly  cross-faulted,  that  is,  the  sides  of  the 
fissures  are  on  the  whole  parallel,  and  there  are  few  offsets.  (See 
Pis.  LXIV,  LXV.)  A  certain  group  of  quartz-porphyry  dikes  here¬ 
after  to  be  considered  in  detail  have  generally  very  irregular  walls. 
In  this  case,  however,  there  is  no  distinct  indication  of  melting  of 
the  bounding  walls,  so  that  we  can  not  perhaps  regard  the  dikes 
as  volcanic  pipes,  but  must  rather  attribute  the  irregularity  of  their 
boundaries  to  some  peculiar  violence  in  the  outbreak  which  pro. 
duced  them,  or  it  may  be  that  these  ruptures  were  formed  before 
the  development  of  the  joint  planes.  This  latter  conjecture  is 
favored  by  the  fact  that  these  quartz  porphyries  are  clearly  the 
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oldest  dikes  in  this  section.  Moreover,  they  are  in  a  given  field 
more  faulted  than  the  other  dike  systems,  and  therefore  are  shown 
to  he  of  earlier  age. 

The  faulting  which  has  affected  the  district  is  principally  indicated 
in  the  earliest  set  of  dikes,  viz.,  the  quartz  porphyries  just  men¬ 
tioned.  It  is  very  slightly  manifested  in  the  case  of  the  other  fis¬ 
sures,  and  is  indicated  only  at  the  points  of  intersection  of  different 
sets  of  dikes.  It  thus  appears  that  the  disruptive  forces  which  pro¬ 
duced  the  faulting  did  not,  to  any  considerable  extent,  operate  in 
this  field  after  the  work  of  intrusion  was  completed. 

AREA  OCCUPIED  BY  DIKES. 

At  this  point  we  may  notice  an  interesting  theoretical  considera¬ 
tion  dependent  upon  the  number  of  dikes  in  this  region  and  the  area 
which  they  occupy.  Basing  a  computation,  first,  on  a  careful  eye- 
estimate  of  the  dike  surfaces  at  different  points,  and,  secondly,  on 
an  estimate  of  the  number  and  diameter  of  the  dikes,  it  appears 
pretty  certain  that  on  the  surface  of  Cape  Ann  5  to  10  per  cent,  of 
the  superficial  area  is  occupied  by  such  materials.  In  other  words, 
the  horizontal  extension  of  the  granites  has  been  increased  by  some¬ 
where  between  one-tenth  and  one-twentieth  of  the  original  surface. 
Besides  this  increase,  due  to  the  injection  of  materials  derived  from 
below,  the  rocks  have  received  a  certain  small  though  incomputable 
accession  from  vein  materials,  principally  composed  of  quartz.  In 
other  districts  this  vein  element  is  an  important  feature  in  the  ex¬ 
tension  of  the  area.  On  Cape  Ann  it  is  so  small  that  we  may  neg¬ 
lect  it. 

No  particular  order  in  the  distribution  of  these  veins  has  been  ob¬ 
served.  They  are  eminently  abundant  on  Eastern  Point,  near  An- 
nisquam,  and  in  the  quarries  about  Rockport;  they  are  rare  else¬ 
where.  They  seldom  exceed  two  or  three  inches  in  diameter  and  are 
generally  of  no  considerable  length.  They  do  not  appear  to  be  con¬ 
nected  with  the  faults,  and  are,  therefore,  probably  in  their  nature 
secretions  from  the  granitic  mass  formed  during  the  cooling  process. 

I  have  elsewhere  called  attention  to  the  fact  that  the  injection  of 
dike  and  vein  stones  would  lead  perhaps  in  part  at  least  to  move¬ 
ments  of  the  strata  which  have  resulted  in  the  formation  of  anti¬ 
clinal  axes.  It  is  interesting  in  this  connection  to  note  that  a  con¬ 
siderable  extension  of  these  basement  deposits  of  the  Gloucester 
anticline  has  taken  place. 

JOINT  PLANES  OF  CAPE  ANN  DISTRICT. 

The  joint  planes  of  the  Cape  Ann  District  as  will  be  seen  from  the 
appended  tables  have  been  subjected  to  a  careful  study.  I  am  not 
aware  that  in  any  preceding  memoir  involving  a  similarly  extensive 
district  the  observations  have  been  presented  in  an  equally  elaborate 
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manner.  -The  observations  on  these  joint  planes  were  made  bv  a 
compass  with  a  needle  having  a  length  of  four  inches,  the  circle 
graduated  to  degrees  with  a  vernier  attachment.  In  the  course  of 
the  work,  it  quickly  became  evident  that  it  was  not  possible  on  ac¬ 
count  of  the  decay  of  the  rocks  to  observe  joint  phenomena  in  nat¬ 
ural  exposures  with  sufficient  accuracy  to  obtain  valuable  results. 
The  tabulated  work,  therefore,  has  been  limited  to  quarries.  It  hap- 


Fig.  47.  Tabulation  of  joint  planes  in  Bay  View  quarries. 


pens,  however,  that  these  artificial  openings  are  so  far  distributed  over 
the  area  of  the  island  that  they  fairly  represent  the  joint  systems  of 
the  whole  district.  (See  Figs.  48  and  40. )  Inasmuch,  however,  as  the 
general  phenomena  of  joints  along  the  coast  are  of  great  importance 
in  determining  the  action  of  erosive  forces,  the  detailed  study  of 


joint  planes  will  be  preceded  by  a  general  statement  of  their  charac¬ 
ter  on  different  parts  of  the  coast,  beginning  as  in  the  case  of  dikes 
with  Eastern  Point.  Eastern  Point  as  far  as  Brace’s  Cove  exhibits 
much  jointing,  the  principal  fractures  having  an  axis  of  N.  48  °  to  N. 


PIGEON  HILL  QUARRY,  UPPER  PIT,  SHOWING  EXTREME  DEVELOPMENT  OF  HORIZONTAL  JOINTING. 
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53  °  E.,  dipping  nearly  vertically,  a  distance  of  eight  feet  apart,  vary¬ 
ing  from  one  inch  to  20  feet,  and  averaging  three  or  four  feet.  There 
are  other  joints  in  the  same  region  which  can  not  clearly  he  referred 
to  any  system.  Owing  to  the  high  angles  of  the  principal  joints, 
the  weather  and  ice  have  not  much  affected  the  rocks  in  this 
portion  of  the  section,  and  as  a  consequence  it  is  one  of  the  boldest 
portions  of  the  shore  of  the  island.  In  the  vicinity  of  Brace’s  Cove 
the  joint  planes  are  close  together,  averaging  less  than  a  foot  apart, 
and  inclining  in  various  directions,  so  that  the  rock  splits  in  small 
fragments  of  little  more  than  one-fiftieth  of  a  cubic  foot.  It  is 
probably  to  this  morcellated  character  of  the  rock  given  by  the 
joints  that  we  owe  the  great  erosion  of  the  granites  which  has 
formed  the  low  land  in  which  lie  Brace’s  Cove,  Niles’s  Pond  and  the 
other  depressions  of  this  vicinity. 

From  Brace’s  Cove  to  Bass  Rocks  the  manifest  joint  systems  are 
fewer  in  number  and  the  places  farther  apart,  'With  this  diminu¬ 
tion  in  jointing,  the  shore  again  assumes  a  bold  character.  At  Bass 
Rocks  the  joint  structure  is  very  imperfectly  developed  (PI.  LIX), 
the  rocks  being  here  perhas  more  massive  than  at  any  other  point 
on  the  periphery  of  the  island,  although  the  dike  injections  are  more 
numerous  here  than  elsewhere.  From  Bass  Rocks  to  Cape  Hedge  the 
joints  are  again  more  numerous,  and  to  this  greater  development  may 
perhaps  be  due  the  recession  of  the  shore  on  this  part  of  the  island. 
At  certain  points  the  jointing  in  the  measure  of  its  development  ap¬ 
proaches  the  conditions  shown  at  Brace’s  Cove.  From  Cape  Hedge 
to  Straitsmouth  Point,  there  are  but  two  distinct  vertical  systems  of 
joints  which  are  evident,  viz,  those  running  N.  48°  W.  and  those 
running  N.  32°  E.,  together  with  a  horizontal  set,  the  three  serving 
to  detach  numerous  very  massive  fragments.  At  several  points  on 
this  portion  of  the  coast  are  small  patches  of  granite  which  are  almost 
as  much  jointed  as  the  large  field  of  such  material  at  Brace’s  Cove. 
W1  lerever  these  patches  occur  the  effect  of  marine  erosion  is  at  once 
evident.  The  coast  line  is  beaten  back  until  in  process  of  retreat  it 
obtains  a  certain  protection  from  the  assault  of  waves  from  detritus 
which  lodges  in  the  re-entrant  angle.  Going  north  from  Eastern 
Point  this  is  the  first  portion  of  the  shore  on  which  the  horizontal 
jointing  distinctly  appears. 

On  the  south  shore  of  Sandy  Bay,  between  Straitsmouth  Point  and 
the  village,  the  vertical  jointing  runs  N.  3°  W.  and  N.  52°  E.  At 
this  point  the  distinct  horizontal  joint  planes  become  less  marked 
and  are  replaced  by  a  number  of  divergent  planes.  From  Sandy 
Bay  along  the  shore  to  Folly  Cove,  wo  have  the  conditions  of  jointing 
which  are  shown  in  detail  in  the  Pigeon  Cove  quarries.  (See  Pis. 
LXVI,  LXVII,  LXVIII,  LXIX,  LXX,  LXXI.)  The  planes  strike 
N.  78°  W.  with  a  dip  to  the  NE.  of  55°.  Another  set  of  nearly  hori¬ 
zontal  shelving  somewhat  irregular  joint  planes  strikes  in  a  general 
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way  east  and  west,  dipping  to  the  south  at  an  angle  of  10°  or  12°.  Yet 
another  set  strikes  N.  43°  E.  with  a  vertical  dip.  These  three  joints 
lead  to  the  formation  of  rhomhoidal  fragments  which  are  frequently 
as  much  as  4  feet  wide,  12  feet  long  and  varying  from  1  to  4  feet  in 
thickness.  The  size  of  these  fragments  shows  that  the  joint  planes 
are  far  apart.  The  attitude  of  the  planes  towards  each  other  and  their 


Fig.  49.  Tabulation  of  joints  in  Rockport  quarries. 


position  in  relation  to  marine  erosion  has  doubtless  served  to  protect 
this  part  of  the  island  from  glacial  and  other  wearing,  and  has  thus 
led  to  the  preservation  of  the  great  salient  which  terminates  in  Hali¬ 
but  Point.  So,  too,  the  generally  level  character  of  this  area  and  the 
gradual  slope  with  which  it  meets  the  sea  may  be  accounted  for  by 


the  attitude  of  the  joint  systems.  The  joints  of  this  section,  particu¬ 
larly  those  which  strike  N.  43°  E.,  are  remarkable  for  the  continuity 
of  the  individual  planes.  In  some  cases  they  may  be  observed  ex¬ 
tending  on  the  shore  line  for  the  distance  of  30U  feet  or  more. 


BASALTIC  JOINTING  IN  DIKE  AT  STONE  BRIDGE  ONE-QUARTER  OF  A  MILE  EAST  OF  o«_OUCESTER. 
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The  rock  is  less  cut  by  joint  planes  and  therefore  more  massive  in 
the  region  about  Andrews  Point.  At  Halibut  Point,  the  strong 
northeast  waves  have  disrupted  a  large  quantity  of  material  which 
serves  in  a  measure  to  protect  the  shore  from  the  further  assault  of 
the  waves.  The  vigor  of  the  wave  action  is  shown  by  the  size  of  the 
fragments  thrown  up  far  beyond  the  ordinary  range  of  the  sea.  Be¬ 
tween  Halibut  Point  and  Folly  Cove  is  a  section  of  rock  which  has 
been  subjected  to  interstitial  decay  and  exposes  the  joint  planes  im¬ 
perfectly.  The  depression  of  Folly  Cove  and  the  trough  which 
extends  southward  for  a  mile  or  more  from  its  head  is  perhaps  caused 
by  a  lack  of  resistance  in  the  material.  Folly  Point  is  characterized 
by  a  considerable  immunity  from  jointing.  These  joints  are  at  this 
point  so  irregular  that  it  does  not  seem  possible  to  reduce  them  to 
definite  sets. 

A  moderate  immunity  from  joints  characterizes  the  whole  shore 
from  Folly  Cove  to  Annisquam,  and  here  also  it  has  not  proved  pos¬ 
sible  to  reduce  the  joint  planes  to  a  definite  order. 

The  shores  of  Annisquam  Reach  exhibit  a  system  of  very  closely 
juxtaposed  joints  which  so  divide  the  rock  that  it  normally  breaks  up 
into  fragments  not  exceeding  about  ten  cubic  inches  in  contents.  It 
is  perhaps  to  the  ample  jointing  of  this  section  that  we  owe  the  deep 
and  continuous  depression  in  which  lies  this  system  of  fiord  of  An- 
nisquam  River.  (See  diagrams  of  jointing  in  quarries,  Figs.  50,  51, 
52,  and  Pis.  LXXII,  LXXIII,  LXXIV.) 


The  foregoing  survey  of  the  shore  from  the  point  of  view  of 
joint  planes,  makes  it  tolerably  evident  that  there  is  some  relation 
between  the  salients  and  re-entrants  of  the  coast  line  and  the  jointed 
character  of  the  rocks.  A  study  of  the  field  would  show  the  student 
that  this  is  the  case  more  effectively  than  it  is  indicated  to  him  by 
the  necessarily  cursory  account  which  we  have  given  him.  In  fact, 
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the  measure  of  resistance  both  to  marine  and  glacial  action,  the  two 
modes  of  erosive  energy  which  have  in  the  main  shaped  this  region, 
is  in  good  part  determined  by  the  attitude  of  the  joint  planes.  The 
preceding  pages  afford  a  basis  for  this  general  description  as  far  as 
the  sea  shore  and  wave  action  are  concerned.  Evidence  of  a  similar 
sort  may  readily  be  found  to  show  the  influence  of  the  joint  planes 
on  glacial  wear.  Thus  whenever  the  granitic  rocks  form  sharp  pro¬ 
jections  in  the  interior  district,  we  always  find  these  salients  to  be 
composed  of  little  jointed  material,  while  in  the  depressions  a 
variety  of  evidence  freely  leads  to  the  inference  that  they  are  occu¬ 
pied  by  rocks  more  closely  intersected  by  these  rupture  planes. 

Turning  now  to  the  conditions  in  the  several  quarries,  we  note  the 
following  facts  concerning  joints  in  different  parts  of  the  field  which 
have  been  bared  by  quarrying  wrork.  Fig.  50  exhibits  the  attitude  of 
the  joint  planes  in  the  Rockport  system.  It  will  be  seen  by  the 
diagram  that  the  joints  having  their  planes  in  the  northwest  quad¬ 
rant  amount  to  150,  while  those  in  the  northeast  quadrant  amount  to 
but  100 ;  those  in  the  north-northwest  octant  to  73,  while  those  in 
the  nortliwest-by-west  octant  amount  to  83.  Thus,  as  in  the  case  of 
the  dikes,  though  in  a  less  degree,  there  is  in  this  particular  part  of 
the  field  an  accumulation  of  joints  in  the  northwest  quadrant. 

In  the  Pigeon  Cove  quarries  (see  Fig.  51)  the  conditions  are  re¬ 
versed.  There  are  53  joint  planes  in  the  northwest  quadrant  and 
101  in  the  northeast  quadrant.  In  the  Lanesville  quarries  the  con¬ 
ditions  are  like  those  at  Pigeon  Cove,  with  a  proportionately  greater 
number  in  the  northeast  quadrant,  the  numbers  being  51  in  the 
northwest  quadrant  and  80  in  the  northeast  quadrant.  In  the  Bay 
View  quarries,  there  is  very  little  difference  between  the  number  of 
joints  in  the  two  quarries,  there  being  38  in  that  of  the  northwest 
and  47  in  the  northeast  quadrant. 

Thus  it  appears  as  the  result  of  sufficiently  numerous  observa¬ 
tions  of  the  joint  planes  and  their  associated  dikes  that  while  the 
dikes  distinctly  follow  joint  planes  there  does  not  appear  to  be  any 
such  relation  betwmen  them  as  would  enable  us  to  say  that  the 
number  of  dikes  was  in  any  measure  determined  by  the  number  of 
incipient  fissures  afforded  by  the  joints,  or,  in  other  words,  the  condi¬ 
tions  which  guided  the  direction  of  the  dikes  were  probably  due  to 
some  feature  or  condition  not  inherent  in  the  joints  themselves. 
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LIST  OF  DIKES  OF  CAPE  ANN. 

[The  numbers  in  the  following  list  refer  to  corresponding  numbers  upon  the  map  of  the  bed  rocks  of 
Cape  Ann.  The  identification  of  the  dike  rocks  has  been  mainly  from  hand  specimens  and  necessarily 
no  attempt  has  been  made  to  classify  them  upon  strictly  petrographical  grounds.] 


No.  on 
map 


7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
r 
18 
la 
40 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
31 
38 
30 

40 

41 

42 

43 

44 


Strike. 

Dip. 

Width. 

Name. 

N.  17°  E . 

85°  W . 

2j  feet .... 
2  feet . 

Diabase  .  . 

N. 77°  E  . .  .  . 

75°  N 

Porphyritie  diabase 

Quartz  porphyry . 

Porphyritie  diabase 
Diabase . 

N.2°  E . 

70°  SE  . . . . 

10  feet  . . . 

N.  72°  E . 

2±  feet . . . 

12  feet  . . 

N.  12°  E . 

60°  W.  . . 

N.  77°  E . 

85°  N . 

3  feet . .  . . 

N.  77°  E . 

60°  N . 

lj  feet .... 
7  feet 

Diabase 

N.  12°  E . 

75°  W . 

Quartz  porphyry . 

Porphyritie  diabase  ... 

Quartz  porphyry . 

Diabase . 

N. 17°  E . 

90° . 

N.  3°  W . 

75°  N  .... 

8  feet . . 

N.  13°  W.  to  N. 

75°  W . 

11  feet  . . . 

22°  E. 

N.  27°  E.  to  N. 

13°  W. 

N.  58°  to  81°  W. 

90° . 

3  to  6  feet 

N.  12°  E . 

Feldspar  porphyry  .  ... 
. do . 

N.  83°  W.toN. 

90° . 

34  feet . . 

57°  E. 

N.  21°  to  42°  E 

80°  N . 

3  feet . . . 

Diabase . 

N. 62°  E . 

80°  N . 

4  feet . . 

Porphyritie  diabase  ... 
Diabase  . 

N.  53°  W . 

8  inches  . 

N. 47°  E . 

90° . 

. do . 

1.67°  E . 

2  feet . 

. do . 

x7.  j2°  E . 

90° . 

2  feet 

N.77°  E . 

75°  N  .... 

3  feet . . 

Diabase  . 

N.  62°  E . 

50°  S . 

Feldspar  porph  yry 

N. 42°  E . 

60°  N . 

feet. 

34  feet .... 
8  inches 

Diabase . 

N. 47°  E . 

N. 32°  E . 

55°  N  .  . 

3  feet . 

N.  22°  to  42°  E . 

90° . 

feet .... 
3£  feet 

Diabase  . 

N.  57°  E . 

75°  N  .  .  . 

N.  13°  W . 

80°  N . 

7  feet  . 

Diabase  . 

N. 87°  E . 

80°  N  .  . 

15  to  18  feet 

. do  . . 

3  ! 

4^  ■ 
W 
o 

3  ! 

80°  SW  . 

6  feet . 

N.  28°  W . 

60°  E . 

2  feet .... 

Diabase  . 

N.  33°  W . 

90° . 

li  feet  . . . 

N.  78°  W . 

60°  AV . 

24  feet 

N.  83°  W . 

70°  N  .  . . 

18  feet . . . 

Diabase  . 

N.  43°  W . 

90° . 

3|  feet  . . 

. do  ... 

N.  27°  E.  .. 

60°  SE  . . . . 

2  feet  . 

N.  25°  W . 

90° . 

1  foot .  ... 

Diabase . 

N.  38°  W . 

6  feet . . . 

N.  33°  W . 

2  feet . 

N.  38°  W . 

70°  SW  . . 

2  feet .  . 

Diabase 

N.  63°  W . 

85°  SW  . 

3  feet . 

Porphyritie  diabase  .  . . 
. do  . 

N.  27°  E . 

60°  NW  . . 

4  feet . 

N.  33°  W . 

80°  SW  . . . 

4  feet . 

General  remarks. 


An  irregular  dike. 
Somewhat  faulted. 


Worn  into  a  deep  chasm  for 
considerable  distance 
above  high  tide. 


An  irregular  dike. 

Crystals  of  feldspar  6  inches 
long. 

A  chasm. 


A  very  irregular  dike. 


Very  irregular.  Cuts  16. 


Very  irregular  and  ragged. 


A  chasm. 


Irregular. 


Very  irregular. 


n-. 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

78  s 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 
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List  of  dikes  of  Cape  Ann — Continued. 


Dip. 


Width. 


N 


ame. 


General  Remarks. 


80°  SW 
55°  SW 


2  feet . 
1  foot. 


Diabase 


Very  irregular. 


70°  NW  . 
60°  NE . . 
70°  S . . . . 


90° . 

70°  SW  . 

90° . 

70°  NW  . 

90° . 

50°  NW  . 
75°  N  . . . 

70  to  80°  NE 
75°  W. 

80°  N  . 

90° ... . 

75°  N  . 

75°  N  . 


90° . 

35°  W . 

65  to  70°  N 

90° . 

90° . 

75° . 

90° . 

90° . 

90° . 

83°  S . 

75°  S... 

80°  S  .... 

90° . 

80°  NE... 

75°  E . 

90° . 

90° . 

75°  W.... 

90° . 

80°  E . 

70°  N  (?)  . 

70°  S . 


80°  E. 
80°+. 
75°  S. 


6  inches. 

3  feet .  . 

3  feet . . . 

6  to  8  inches 

21  feet . . . 

5  feet .... 
1}  feet . . . 

4  feet .... 

22  feet . . . 
10  feet+ . 

7  feet .... 

20  feet . . . 

3  feet .... 

21  feet . . . 

4  feet .... 

4  feet .... 

3  feet+ . . 


3  to  4  feet . 

4  inches. . . 
2\  inches. . 

1  foot . 

41  feet . . . 
6£  feet 

4  to  5  feet 
9  feet  . 


Feldspar  porphyry  . 

. do . 

Diabase  . 

Feldspar  porphyry 


Diabase 


Diabase 

. do  . 

. do  . 

. do  . 

. do  . 

. do  . 


. do . 

. do  . 

.  do . 

. do . 

. do . 

Feldspar  porphyry 
D' abase  . 


1£  inches. . 
4  to  2i 
inches. 

3}  feet . . . . 
3t  feet . . . . 
3i  feet . . . . 
31  feet 
4  feet  + . . . 
7  feet . 


do 

.do 

.do 

.'do 


_ do  . 

_ do 

_ do 

_ do 


1  foot . 

6  feet . 

10  feet  ( ?) . 
6  feet  + .  . 
5  inches  to 
1  foot. 

4  feet  . 


45°  N . 

80  to  85°  E. 


2  to  3  feet . 
6  feet  .... 

8  feet  . 

3.1  feet 

3  feet  . 


Diabase 

. do  . 

. do  . 


Diabase  ( ?) . 
Diabase  . . . 
. do _ 


Diabase  . 

. do . 

.  do . 

. do . 

Feldspar  porphyry  . 
Diabase  . 


Rather  irregular. 
Very  irregular. 


Cut  by  57  aud  probably  by  56. 


A  chasm  with  the  dike  mat¬ 
ter  washed  out. 

Very  irregular. 

Disappears. 


73  cuts  70. 
Disappears. 


78  branches  forming  78*. 
Dike  matter  eroded  away. 
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4 


GEOLOGICAL  SURVEY  NINTH  ANNUAL  REPORT  PL.  LXVII 


SHALEH.] 


LIST  OF  DIKES 


591 


No.  on 
map. 


94 

95 

96 

97 

98 

99 
100 
100“ 
100" 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 
113“ 
113" 

114 

115 

116 

117 

118 

119 
119“ 
119" 

120 
121 

121“ 
121" 
121 c 
122 

123 
123“ 
123" 

124 

125 

126 
126" 
126" 
126" 

127 

128 

129 

130 

131 


List  of  dikes  of  Cape  Ann — Continued. 


Strike. 

Dip. 

Width. 

Name. 

N  63°  W 

90° . 

21  feet  .... 

Diabase . 

N  87°  E 

90° . 

U  feet .... 

. do . 

N  47°  E 

80°  N  .  . . . 

14  feet .... 

. do . 

N  0°  E 

80°  SE  ... 

1|  feet  . . . 

N  43°  W 

5  feet . .  . . 

N  53°  W 

80°  NE . . . . 

N  47°  E 

75°  N . 

4  inch . 

N  17°  E 

75°  NW  . . . 

1  inch . 

N  37°  E 

75°  N  . . 

inches . . 

N  48°  W 

1  foot . 

N.  37°  E . 

75°  N . 

14  feet .... 

Diabase  . 

N.  13°  W . 

70°  E . 

1  foot . 

N.  58°  W .  .  . 

15  feet  +  . . 

Holocrystalline  diabase . 

N  43°  W.  to  N. 

70°  S . 

6  inches  to 

Diabase  . 

57°  E.  ' 

14  feet. 

N.  13°  W . 

70°  E . 

14  feet .... 

. do . 

N.  37°  E  . . 

90° . 

3  feet . . . 

. do . 

N.  9°  W . 

70°  E . 

12  feet  . . . 

. do . 

N.  33°  W _ 

82°  W . 

3  feet  . 

. do . 

N.  38°  W . 

90° . 

3  feet  . 

. do . 

N.  23°  W  . . . 

90° . 

5 to 6  inches 

. do  . 

N.  23°  W . 

75°  E . 

4  inches .  . . 

N. 33°  W  ... 

3  feet  : . . . 

Feldspar  porphyry  . . 

N.  58°  W . 

50°  NE . . . . 

24  feet .... 

. do . 

N.  43°  W . 

65  to  85°  NE 

2  feet . 

. do . 

N.  35°  W . 

80°  E . 

24  feet .... 

N.  23°  W . 

75°  E . 

9  feet . . 

N.  33°  W  . 

15°  E . 

1  foot . 

Quartz  porphyry  . . 

N.  23°  W . 

85°  E . 

24  feet .... 

Diabase . 

N.  27°  E . 

50°  NW. . 

8  inches. . . 

. do . 

N.  17°  E . 

45°  W . 

14  feet .... 

. do . . 

N.  17°  E . 

45°  W . 

1  foot .  ... 

. do . 

N. 32°  E . 

45°  W. . . . 

1  foot . 

. do . 

N.  57°  E . 

50°  NW  .  . . 

2  feet  . 

. do . 

N.  33°  tV . 

’  90° . . .  . 

10  feet  . 

. do . 

N.  43°  W  .  .  .  . 

90° . 

10  feet .... 

. do . 

N.  13°  W  .  ... 

70°  E  . 

2  feet  . 

.  do  . 

N.  43°  W . 

90° . 

2  feet  . 

. do . 

N.  38°  W  .  . . 

60°  E . 

1  foot. . . 

. do . 

N.  28°  4V . 

80  to  85°  NE 

6.J  feet . . . 

. do . 

N.  35°  W . 

85°  NE. . . . 

64  feet . . 

. do . 

N.  43°  W . 

80°  NE .  . . . 

2  feet . . . 

. do . 

N.  33°  W . 

90° . 

9  feet . 

Porphyritic  diabase _ 

N.  43°  W  . 

90° . 

1  foot  . 

N. 67°  E . 

70°  S . 

2  feet . 

Diabase  . . 

N.  77°  E . 

65°  S . 

6  inches. . . 

. do  . . 

N.  73°  W . 

70°  S . 

1  foot. . . 

. do  . . 

N.  12°  E  . 

60°  S  . 

1  foot . .  . 

. do  . . 

N.  37°  E . 

60°  N . 

10  feet 

Quartz  porphyry  . . 

. .  do 

N.  77°  E . 

15  feet  .... 

. do . 

N.  18°  W . 

80°  E . 

10  feet 

N.  33°  W . 

80°  SE  . . . . 

2  feet  .... 

. do . 

General  Remarks 


Irregular. 


Very  irregular. 


Probably  an  offshoot  of  108. 


Forked  dike, 
do. 
do. 


Very  irregular. 


do. 

Forked  dike, 
do. 
do. 

Cuts  121. 

Extremely  irregular  and 
faulted, 
do. 
do. 
do. 


Forked  dike, 
do. 

Offshoot  of  123. 


Very  ragged  and  irregular. 
Irregular. 


:)2 

.on 

ap. 

132 

133 

134 

135 

130 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

156' 

157 

158 

159 

160 

101 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 
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Di  . 

Width. 

Name. 

General  remarks. 

2  feet  . 

Diabase . 

40°  N  . . 

S  inches. . . 

. do . 

50°  N 

2  feet . 

. do . 

65°  N . 

50  to  60  feet 

Quartz  porphyry . 

Very  irregular  and  ragged 

45°  N . 

3i  feet ... 

Diabase  . 

Quartz  porphyry . 

Ragged  and  irregular. 

75°  NE.... 

2  feet  . 

Diabase  . 

Irregular. 

80°  NW  . . . 

2  feet  . 

. do  . . . 

76“  NW  . . . 

3  feet  . 

. do . 

8  feet  . 

.  ...  do . 

10  feet  +  . . 

90° . 

1  foot . 

45°  NW  . . . 

7  feet . 

Diabase  . 

55°  NW  . . . 

6  feet . 

80°  N . 

2}  feet .... 

Spherulitic  quartz  por- 

phyry. 

2  feet . . 

90° . 

2  feet . . . 

80°  N . 

5  feet .... 

Diabase  . 

85°  S  . 

9  feet . 

. do . 

85°  S . 

9  feet . . 

. .  do . 

2  feet .... 

. .  do . 

Irregular. 

55°  N . 

. do . 

Cut  by  157. 

60°  N . 

6  feet . 

.  ...  do . 

Irregular. 

90° . 

2'  feet  . . 

....  do . 

65°  E . 

1  foot . 

. do . 

90° . 

2  feet . . 

do .  . . . 

90° . . . . 

1J  feet .... 

Feldspar  porphyry  . .  . 

80°  NE . . . . 

8  feet  . 

. do . 

Irregular. 

60°  NW  . . . 

20  feet  + . . 

80°  NE.... 

7  feet . .  . . 

90° . 

2  feet ...  . 

Nelapliyric  diabase  . . . 

80°  NE.... 

3^  feet .... 

. do . 

50°  W . 

4}  feet  . 

...  .do . 

Irregular 

90° . 

3  feet . . . 

....  do  . . 

75°  E . 

1 24  feet . . . 

. do . 

68°  SW  . . . 

1  foot . . 

. .  do . 

75°  NE.... 

4  feet  . 

35°  NE.... 

lito2j  feet 

Diabase  . 

50°  NE... 

1  foot . 

. do . . 

80°  NE.... 

18  feet .... 

.  . .  .do  . 

80°  NE.... 

3  to  3J  feet. 

Porphyritic  diabase  . . . . 

55°  N . 

3  feet . 

Diabase  . 

80°  NE .  . . 

18  feet .... 

Porphyritic  diabase  ... 

Same  as  172. 

30°  S . 

1  foot . 

Quartz  porphyry . 

75°  N . 

18  feet .... 

Diabase . 

75°  N . 

21  feet .... 

.  do . 

70°  N  . . . . 

1  foot  5 

. do . 

inches. 

80°  N . 

2}  feet . . . . 

...  .do . 

80°  N . 

3  inches . . . 

....  do . 

65°  W . 

3}  feet. . . . 

Feldspar  porphyry . 

ROCKPORT  GRANITE  COMPANY’S  QUARRY  NORTHERN  END  OF  LOWER  PIT.  SHOWING  PROGRESSIVE  INFREQUENCY  OF  JOINTS  AT  DEPTHS 
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List  of  dikes  of  Cape  Ann — Continued. 


No.  on 
map. 

Strike. 

Dip. 

Width. 

Name. 

General  remarks. 

183 

N  41°  W 

70°  NE .... 

5  feet . 

Feldspar  porphyry . 

Irregular. 

1 83  a 

N  87°  K 

80°  NE  . . 

3  feet . . 

. do . 

184 

N.  43°  W  .  ... 

85°  NE.... 

1  foot  5 

. do . 

Offshoot  of  183. 

inches. 

< 

184a 

N  45°  W 

4  feet . 

. do . 

185 

N.  27°  E 

65°  W . 

3£  feet  . . . 

Diabase .  ... 

185a 

N.  77°  E . 

80°  N  .  ... 

16  feet .... 

. do . 

186 

N.  7°  E 

70°  N  .  ... 

25  to  35  feet 

187 

N.  2°  E . 

70  to  80°  W. 

3  feet . 

Altered  porpliyritic  dia- 

Chasm. 

base. 

183 

N. 77°  E  .  ... 

3  feet . 

Diabase  . 

180 

N.  53°  W . 

75°  S . 

2  feet . 

Irregular. 

100 

N.  43°  W  . 

80°  NE . . . . 

191 

N.  43°  W . 

80°  E . 

8  feet  . 

Diabase . . 

192 

N .  53°  W . 

193 

N. 27°  E . 

55°  N . 

4  feet  . 

Diabase . 

Chasm. 

194 

N.  53°  W  . 

90° . 

5  feet  . 

. do . 

195 

N.  38°  W . 

85°  E . 

10  feet .... 

. do . 

196 

N.42°  E . 

30  feet  . . . 

Altered  porpliyritic  dia- 

Same  as  187  (?)  Irregular. 

base. 

197 

N.  83°  W _ 

20  feet 

Diabase  . 

198 

N.  32°  E . 

70°  N . 

14  feet  . . . 

. do . 

199 

N. 47°  E . 

^  inch  to 

It  feet. 

200 

N.  53°  W . 

3  feet . . 

Diabase  . 

Irregular. 

201 

N. 47°  E . 

Altered  diabase 

202 

N.57°  E . 

70°  N 

Diabase  . . 

203 

N.  77°  E . 

70°  N  . . . . 

5£  feet .... 

. do . 

204 

N.  37°  E . 

45°  N  .  . 

2j  feet  . 

. do . 

Disappears. 

205 

N.  82°  E . 

80°  N . 

22  feet 

. do .  ... 

206 

N.  58°  W . 

75°  W . 

2  feet . 

. do . 

7— 

N.  58°  W . 

90° . 

2}  feet  . . 

203 

N.  78°  W . 

75°  N . 

2£  feet  .... 

Feldspar  porphyry  .  ... 

208  a 

N.  28°  W . 

65°  NE .  , 

208 b 

N.  28°  W . 

80°  NE .... 

12  feet  . . . 

..... .do . 

209 

N.  47°  W . 

75°  NE  . . . 

2  feet  . 

Diabase  . 

210 

N.  29°  W . 

75°  NE . . . . 

4  feet . 

. do  . 

210“ 

N.  38°  W  .  ... 

80°  NE .  .  . 

3  feet 

....  do .  . 

210b 

N.  33°  VV . 

75°  NE. . . . 

3  feet . 

. do . 

211 

N.  43°  W . 

80°  NE . . . . 

3  feet . 

211“ 

N.  43°  W  .... 

80°  NE.  . . . 

1£  feet .... 

212 

N. 33°  W 

80°  NE.... 

18  to  20  feet 

Very  augitic  diabase. . . . 

213 

N.  38°  W . 

3  to  4  feet 

211 

N. 37°  E . 

Feldspar  porphyry  . . 

Very  irregular. 

215 

N.  23°  W  .  . . . 

80  to  85°  E. 

15  feet .... 

Diabase . 

216 

N.  48°  W . 

3  feet 

. .  do 

217 

N. 77°  E . 

70°  N  .... 

4  feet . 

. do . 

218 

N.  28°  W . 

90° . 

9  feet ...  . 

. do . 

219 

N.  77°  E . 

50°  N  .  . 

H  feet 

Diorite  (?)  .  • 

220 

N.  33°  W . 

85°  E . 

1  foot . .  . 

221 

N.  13°  W . 

U  feet 

Diabase  . . 

222 

N.  77°  E . 

223 

N.  58°  W . 

80  to  85°  NE 

3  feet  . 

224 

N.  38°  W . 

85°  NE.... 

U  feet . . . 

9  GEOL - 38 


594 


GEOLOGY  OF  CAPE  ANN,  MASSACHUSETTS. 
List  of  dikes  of  Cape  Ann — Continued. 


No.  on 
map. 

Strike. 

Dip. 

Width. 

Name. 

General  remarks. 

225 

N.  33°  W  . . 

2  feet . 

226 

N  50°  W . 

90° . 

9  feet . 

227 

N.43°  W . 

50°  NE.... 

10  feet .... 

Quartz  porphyry . 

228 

N.  33°  W . 

90° . 

3  feet  . 

Diabase  . 

A  bow-shaped  dike 

228“ 

N  83°  E  . 

90° . . . 

3  feet . 

. do . 

do. 

229 

N.  33°  W . 

90° . 

3  feet . 

. do . 

230 

N.  37°  W . 

80°  W . 

30  feet .... 

231 

N.  13°  W . 

5  to  10  feet. 

Diabase  . 

232 

N.  39°  W . 

80°  NE  . . . 

3  feet  . 

. do  . . . 

233 

N.31°  W . 

90° . 

2±  feet .... 

Feldspar  porphyry . 

234 

N.  13°  W  . . 

Diabase  . . . 

Very  irregular. 

235 

N.  31°  W . 

80°  NE.... 

9  feet  . 

Feldspar  porphyry . 

236 

N.  23°  W . 

85°  NE. . . . 

1J  feet . . . 

Diabase  . 

237 

N.  37°  E . 

Diorite  porphyrite .  . 

238 

N.  33°  W . 

. 

l£  feet  .... 

Diabase . 

239 

N.  13°  W . 

90° ... . 

3  feet . . 

240 

N.  13°  W . 

90° . 

3  feet . 

Cut  by  241  and  241“ 

241 

N.  73°  W  . 

75°  N . 

9  feet . 

Diabase . 

Irregular  and  very  much 

branched. 

241“ 

N.  88°  W . 

75°  N . 

5  feet . 

do. 

241 11 

N.  58°  W . 

f  inch . 

. do . 

do. 

241° 

N.  58°  W . 

5  inches . . . 

. do . 

do. 

241 d 

N.  58°  W . 

f  to  5  inches 

. do  . . . 

do. 

241® 

N.  13°  W . 

8  inches.  . . 

241 f 

N.  13°  W  . 

5  inches . . . 

. do . 

242 

N.  33°  W . 

70°  NE. . . . 

12  feet .... 

243 

N.  33°  W . 

90° . 

ci  feet .... 

Porphyritic  diabase 

244 

N.  37°  W . 

70°  NE.... 

4  to  5 inches 

Diabase . 

Irregular. 

245 

N.  33°  W . 

80°  NE.... 

If  feet .... 

Quartz  porphyry . 

246 

N.  28°  W . 

80°  NE... 

21  feet .... 

Diabase  (?) . 

247 

N.  33°  W . 

80°  SW  . . . 

2£  feet .... 

. 

247“ 

n.  33°  W . 

80°  SW  . . 

2  feet  . 

- 

247  » 

N.  43°  to  63°  W. 

2  feet  . 

247° 

N.  33°  to  68°  W. 

Joining  247d. 

247 d 

N.  33°  W . 

80°  SW  . . 

3  feet . 

248 

N.  43°  W . 

4  to  2  feet . 

Diabase  . 

249 

N.  38°  W . 

90° . . 

3  feet . 

250 

N.43°  W . 

75  to  80° 

4  feet . 

SW. 

. 

251 

N.  48°  W . 

80°  S  ... 

3  inches. . . 

252 

N.  37°  W . 

80°  SW  . 

3  to  4  feet . 

Diabase  . . 

252s 

N.  23°  W . 

85°  SW 

15  inches. . 

253 

N.  33°  W . 

90°.. .  . 

1  foot . 

254 

N.  48°  W . 

80°  SW  . . . 

3  feet  3 

Diabase . 

inches. 

255 

N.33°  W . 

90°  . 

10  feet .... 

. do  .... 

256 

N.  53°  W . 

88°  S . 

4  feet . 

. do  (’)  . 

357 

N.  13°  W . 

25°  E . 

3f  feet . 

. do  . . 

258 

N.  35°  W . 

75°  E . 

15  feet  + . . 

. do  .... 

259 

N.  37°  W . 

75°  NE.... 

3f  feet .... 

. do  . . . 

260 

N.  45°  W . 

90° . 

3  feet ...  . 

261 

N.  25°  W . 

70°  NE.... 

3  feet  . 

262 

N.  38°  W . 

15  feet,  -4- 

263 

N.  29°  W . 

2  feet  . 

264 

N.  33°  W . 

10  feet  + . . 

Diabase . 

PIGEON  HILL  QUARRY  UPPER  PIT,  SHOWING  EXTREME  DEVELOPMENT  OF  HORIZONTAL  JOINTING. 


7.  VU 

iap. 

205 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277' 

278 

279 

280 

281 

282 

283 

283 

283' 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 
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List  of  dikes  of  Cape  Ann — Continued. 


Dip. 


80°  NW 
50°  E... 
85°  NE. 


70°  NE. 
70°  E... 


80°  SW 
70°  NE. 
75°  NE. 


90° 


75°  E.. 
70°  E.. 
90° ... . 
90° 

90° ... . 
90° ... . 


80°  E. 
85°  E. 


80°  NE. 


60°  NE. 
60°  SW  . 
70°  NW 
60°  NE. 

90° . 

80°  NW  . 


75°  NE. 


85s  W. 


80°  E... 
70°  E... 
75°  N  . . 

90° . 

90° . 

90° . 

80°  NW  . 
90° . 


82°  NE.. 


Width. 

3  to  5  feet. 
10  to  15°  . . 


3.l  feet 
15  feet . . . 


12  feet 

2  feet . 

15  feet 
15  feet 
35  feet 
10  feet 
15  feet 


Name. 


Diabase  . . 

. do  . . . 

. do  . . . 

. do  ... 

Diorite  (?) 


Diabase 

. do  . 

. do  . 

. do  . 

. do  . 

Diorite. . 
Diabase 


18  feet _ J . do  . 

20  to  25  feet, . 

3  to  5  feet . .  Diabase 

. do  . 

. do  . 

. do  . 

. .  do  . 

. do  . 

.  . .  .do  . 

. do  . 

. do  . 


15  feet . . 
1  foot. . . 
9  inches. 
6  inches . 
31  feet . . 
34  feet . . 


14  feet 
34  feet 

4  feet  . 

3  feet . 

3  inches. 

12  feet 
12  feet 
3  feet+  . . 

3  feet+  . . . 
24  feet .  . . 

6  feet  . 

3  feet  . 

34  feet .... 
3  feet  . 

2  feet  3 
inches. 

6  feet  . 

3  feet  . 


15  feet . 
9  feet . 


Diabase 
. do  . 


Diabase  .  . 
...  do _ 

. do  ... . 

.do _ 


Diabase 

. do  . . 

. do  . . 

. do . 


.do  . 
.do 
.do  . 
.do 


Diabase  . . 
. do  (?) 


2  feet 

3  feet 

3  feet ... 
3  feet 
12  feet . . . 
10  inches 


Diabase 


Diabase 


General  remarks. 


Cuts  276. 


Disappears. 


)6 

i.  on 

iaj>. 

31 G 

317 

318 

319 

320 

321 

322 

323 

324 

325 

32G 

327 

328 

329 

3o0 

331 

&32 

333 

334 

335 

33G 

337 

338 

339 

340 

341 

342 

343 

344 

345 

340 

347 

348 

319 

350 

351 

352 

353 

354 

355 

350 

357 

358 

359 

300 

301 

302 

303 

304 

365 

300 
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List  of  dikes  of  Cape  Ann — Continued. 


Strike. 

Dip. 

Width. 

Name. 

N.  35°  W . 

85°  W . 

54  feet .... 

Diabase . 

N  38°  W 

75  to  85°  E. 

3  feet  . 

. do . 

N  f>7°  W 

30°  SW  . . 

14  feet .... 

. do . 

N  21°  W 

82°  E . 

24  feet .... 

. do . 

N  77°  E 

05°  N . 

2  feet  . 

. do . 

N  87°  E 

08°  NE. . . . 

1  foot . 

. do . 

N  88°  W 

07°  NE  . . . 

21  feet .... 

. do . 

N  18°  W 

69°  NE .... 

3  feet  . 

...  do  . . 

N  35°  W . 

84°  NE . . . . 

2  inches . . . 

. do . 

N  8°  W 

75°  NE  . . 

1  foot . 

Porphyritic  diabase  .... 

N.  22°  W . 

68  to  80°  E. 

6  feet . 

. do . . . 

N.  23°  W  _ 

48°  NE . . . . 

'2  feet  . 

Diabase . 

N.  8°  W . 

70°  NE . . . . 

2  feet  . 

. do . 

N.  51°  W  . 

64°  E . 

4  inches. . . 

. do . 

N  78°  E 

80°  N  . . 

3  inches. . . 

. do . 

N.  43°  W . 

75°  W . 

1  foot . 

. do . 

N.  55°  W  .... 

76°  W. ... 

1 4  feet .... 

. do . 

N.37°  E  . 

06°  N 

1  foot . 

. .  . . do . 

N.  48°  W . 

75°  E . 

1  foot . 

. do . 

N.  3°  W . 

90° . 

1  foot  .... 

. do . 

N.3G°  W  .... 

82°  W. . . 

3  feet  4 

. ‘.do . . 

inches. 

N.  28°  W . 

86°  W.  . 

3  feet . . 

. do . 

N.  85°  W . 

90° . 

10  feet . . . 

. do . 

N.  40°  W . 

64°  NE.... 

2  inches . . . 

Porphyritic  diabase 

N.  00°  W . 

83°  NE  . . 

2  feet .  . . 

Diabase  . 

N.57°  E . 

25  feet .... 

. do . 

N.  5°  W . 

40°  NE 

N.  53°  W . 

90°  . 

2  feet . . 

Diabase . 

N.  43°  W . 

90° . 

1  foot . 

. do . 

N.  *2°  W . 

72°  E .  .  . . 

2  feet .  . . 

.  . .  do . . 

N.  28°  W . 

75°  NE . 

24  feet  . 

...do . 

N.  81°  W . 

05°  NE.... 

18  feet . . . . 

. d0 . 

N.  3°  to  28°  W. 

63°  NE. . . . 

9  feet  . 

. do . 

N. 20°  E . 

61°  NW  . . . 

15  inches . . 

Porphyritic  diabase  .... 

N. 52°  E. . . 

74°  NW 

Diabase  . 

N.29°  W  . . 

80°  NE 

2  feet 

. .  .do . 

N.  11°  E . 

80°  NW 

6  feet . 

...  .do . 

N .  33°  W . 

60°  NE 

9  feet . .  . . 

. do . 

N.  28°  W . 

90°  . 

2  feet . 

....  do . 

N.  30°  W . 

78°  W 

feet 

. do . . 

N.  43°  W . 

N.  43°  W . 

80°  E . 

6  feet . 

N.  31°  W  . . 

3  feet . 

N.  31°  W  . . 

80°  NE.... 

4  to  24  feet . 

Diabase  . 

N.  43°  W . 

70°  NE . . . . 

3  feet  . 

. do . 

N.  28°  W . 

90° . 

24  feet .... 

.  do . 

N.  13°  W . 

80°  NE... 

34  feet .... 

. do . 

N.  18°  W . 

0  feet  . 

. do  . . 

N.  37°  W  .  .. 

N.  21°  W . 

60°  SW  . . . 

3  feet  . 

. do . 

N.  10°  W . 

70°  W . 

14  feet  . . . . 

. do . 

General  remarks. 


Cuts  317. 


Cut  by  331  and  332. 


Disappears. 


Cut  by  349. 
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List  of  observed  joint  planes. 

PIT  i. 


No.  of  ob¬ 
servation. 

Strike. 

Dip. 

No.  of  ob¬ 
servation. 

Strike. 

Dip. 

No.  of  ob¬ 
servation. 

Strike. 

Dip. 

I. 

N.  88°  W. 

83J°  N. 

XVII. 

N.  71°  W. 

90°  N. 

XXXIII. 

N.  33°  W. 

85°  NE. 

II. 

N.  82°  W. 

90°. 

XVIII. 

N.  70°  W. 

84°  N. 

XXXIV. 

N.  24°  W. 

82°  E. 

III. 

N.  80°  W. 

88°  N. 

XIX. 

N.  70°  W. 

86°  N. 

XXXV. 

N.  23°  W. 

75°  E. 

IY. 

N.  79°  W. 

83°  N. 

XX. 

N.  09°  W. 

82°  N. 

XXXVI. 

N.  23°  W. 

83°  E. 

V. 

N.  79°  W. 

90°. 

XXI. 

N.  09°  W. 

84^°  N. 

XXXVII. 

N.  23°  W . 

84°  E. 

VI. 

N.  78°  W. 

85°  N. 

XXII. 

N.  69°  W. 

88°  N. 

XXXVIII. 

N.  0°  W.. 

83°  E. 

VII. 

N.  78°  W. 

85°  N. 

XXIII. 

N.  68°  W. 

84°  N. 

XXXIX. 

N.  5°  W.. 

75°  E. 

VIII. 

N.  76°  W. 

78°  N. 

XXIV. 

N.  08°  W. 

88°  N. 

XL. 

N.  3°  W.. 

82°  E. 

IX. 

N.  75°  W. 

84°  N. 

XXV. 

N.  67°  W. 

82°  N. 

XLI. 

N.  3°  W . . 

78°  E. 

X. 

N.  74°  W. 

55°  N. 

XXVI. 

N.  61°  W. 

814°  N. 

XLII. 

N.  3°  W . . 

74°  E. 

XI. 

N.  73°  W. 

78°  N. 

XXVII. 

N.  48°  W. 

84°  NE. 

XLIII. 

N.  2°  W . . 

75°  E. 

XII. 

N.  73°  W. 

85°  N. 

XXVIII. 

N.  48°  W. 

90°. 

XLIV. 

N.  2°  E . . . 

80°  W. 

XIII. 

N.  72°  W. 

82°  N. 

XXIX. 

N.  47°  W. 

83°  NE. 

XLV. 

N.  9°  E .  . . 

83°  W. 

XIV. 

N.  71°  W. 

80°  N. 

XXX. 

N.  43°  W. 

85°  NE. 

XL  VI. 

N.  40°  E . . 

84°  NW. 

XV. 

N.  71°  W. 

80°  N. 

XXXI. 

N.  43°  W. 

88°  NE. 

XTjVI-T. 

N.  47°  E.. 

54°  N. 

XVI. 

N.  71°  N  . 

87°  N. 

XXXII. 

N.  33°  W. 

80°  NE. 

XLVHI. 

N.  48°  E.. 

54°  N. 

PIT  II. 


I. 

E.  and  W. 

60°  N. 

XVI. 

N.  24°  W. 

90°. 

XXXI. 

N.  8°  VV . . 

72°  E. 

II. 

N.  89°  W. 

73°  N. 

XVII. 

N.  23°  W. 

85°  E. 

XXXII. 

N.  30°  E  . 

69°  NW. 

III. 

N.  88°  W . 

90°. 

XVIII. 

N.  23°  W. 

84°  W. 

XXXIII. 

N.  32°  E.. 

05°  NW. 

IV. 

N.  87°  VV. 

85°  N. 

XIX. 

N.  23°  W. 

72°  E. 

XXXIV. 

N.  32°  E.. 

70°  NW. 

V. 

N.  81°  W. 

84°  N. 

XX. 

N.  23°  W. 

71°  E. 

XXXV. 

N.  32°  E.. 

72°  NW. 

VI. 

N.  81°  W. 

83°  N. 

XXI. 

N.  23°  W. 

05°  E. 

XXXVI. 

N.  32°  E.. 

05°  SE. 

VII. 

N.  79°  W. 

82°  N. 

XXII. 

N.  23°  W. 

62°  E. 

XXXVII. 

N.  35° E.. 

75°  NW. 

VIII. 

N.  77°  W. 

76°  N. 

XXIII. 

N.  22°  W. 

85°  W. 

XXXVIII. 

N.  37°  E.. 

70°  NW. 

IX. 

N.  71°  W. 

80°  NE. 

XXIV. 

N.  22°  W. 

80°  W. 

XXXIX. 

N.  37°  E.. 

08°  SE. 

X. 

N.  03°  W. 

74°  NE. 

XXV. 

N.  21°  W. 

75°  E. 

XL. 

N.  38°  E , . 

70°  SE. 

XI. 

N.  58°  W. 

80°  NE. 

XXVI. 

N.  21°  VV. 

70°  E. 

XLI. 

N.  85°  E  . 

85°  S. 

XII. 

N.  28°  W. 

84°  W. 

XXVII. 

N.  21°  W. 

65°  E. 

XLII. 

N.  80°  E.. 

90°. 

XIII. 

N.  28°  W. 

82°  W. 

XXVIII. 

N.  18°  W. 

79°  E. 

XLIII. 

N.  87°  E.. 

80°  S. 

XIV. 

N.  25°  W. 

70°  NE. 

XXIX. 

N.  10°  VV. 

81°  W. 

XLIV. 

N.  87°  E.. 

m 

o 

c? 

GO 

XV. 

N.  25°  W. 

09°  E. 

XXX. 

N.  13°  W. 

80°  W. 

XLV. 

N.  89°  E.. 

58°  N. 

PIT  ill. 


I. 

N.  89°  W. 

79°  N. 

XII. 

N.  58°  W. 

80°  SW. 

XXIII. 

N.  27°  E.. 

70°  NW. 

II. 

N.  89°  W. 

85°  S. 

XIII. 

N.  58°  W. 

81°  SW. 

XXIV. 

N.  37° E.. 

03°  NW. 

III. 

N.  88“  VV. 

90°. 

XIV. 

N.  2°  E. . . 

80°  NW. 

XXV. 

N.  42°  E . . 

65°  NW. 

IV. 

N.  88°  W. 

85°  N. 

XV. 

N.  5°  E. . . 

62°  NW. 

XXVI. 

N.  50°  E . . 

08°  S. 

V. 

N.  88°  W. 

85°  N. 

XVI. 

N.  7°  E . . . 

68°  NW. 

XXVII. 

N.  52°  E.. 

55°  S. 

VI. 

N.  88°  W. 

82°  N. 

XVII. 

N.  12°  E.. 

90°  NW. 

XXVIII. 

N.  02°  E . . 

65°  S. 

VII. 

N.  88°  W. 

78°  N. 

XVIII. 

N.  12°  E.. 

05°  NW. 

XXIX. 

N.  77°  E.. 

65°  S. 

VIII. 

N.  80°  W. 

83°  N. 

XIX. 

N.  12°  E.. 

05°  NW. 

XXX. 

N.  82° E.. 

90°. 

IX. 

N.  83°  W. 

85°  N. 

XX. 

N.  12°  E.. 

60°  NW. 

XXXI. 

N.  82°  E  . 

90°. 

X. 

N.  83°  W. 

80°  N. 

XXL 

N.  11°  E. . 

65°  NW. 

XXXII. 

N.  85°  E.. 

76°  N. 

XI. 

N.  81°  W. 

78°  N. 

XXII. 

N.  22°  E. . 

85°  NW. 

XXXIII. 

N.  87“  E.. 

80°  N. 
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PIT  IV. 


I. 

N.  89°  W 

82*  S. 

XII. 

3 

Cr 

00 

o 

3 

68°  NE. 

XXIII. 

N.  32° E.. 

84°  NW. 

II. 

N.  88°  W 

•s 

00 

o 

CO 

XIII. 

N.  56°  W. 

70°  NE. 

XXIV. 

N.  32°  E . . 

90°. 

III. 

N.  88°  W. 

76°  S. 

XIV. 

N.  43°  W. 

80°  NE. 

XXV. 

N.  35° E.. 

90°. 

IV. 

N.  88°  W. 

70°  S. 

XV. 

N.  2°  E . . . 

55°  SE. 

XXVI. 

N.  35° E.. 

90°. 

V. 

£ 

O 

CO 

00 

£ 

(?) 

XVI. 

N.  7°  E. . . 

68°  SE. 

XXVII. 

N.  37° E.. 

90°. 

VI. 

N.  87°  W. 

80°  S. 

XVII. 

N.  7°  E. . . 

70°  NW. 

.  XXVIII. 

N.  37°  E.. 

90°. 

VII. 

N.  86°  W. 

68°  S. 

XVIII. 

N.  12°  E.. 

45°  NW. 

XXIX. 

N.  37° E.. 

75°  NW. 

VIII. 

N.  85°  W. 

75°  S. 

XIX. 

N.  15°  E.. 

55°  NW. 

XXX. 

N.  37° E.. 

55°  SE. 

IX. 

N.  85°  W. 

72°  S. 

XX. 

N.  17°  E.. 

64°  NW. 

XXXI. 

N.  39° E.. 

90°. 

X. 

N.  85°  W. 

oi 

o 

O 

XXI. 

N.  22° E.. 

68°  NW. 

XXXII. 

N.  57°  E.. 

65°  NW. 

XI. 

N.  83°  W. 

08°  S. 

XXII. 

N.  25°  E. . 

68°  NW. 

PIT  V. 


I. 

N.  89°  W. 

90°. 

XIX. 

N.  28°  W. 

60°  NE. 

XXXVII. 

N.  40°  E.. 

55°  NW. 

II. 

N.  88°  W. 

90°. 

XX. 

N.  2S°  W. 

65°  NE. 

XXXVIII. 

N.  47° E.. 

58°  NW. 

III. 

N.  88°  W. 

80°  S. 

XXI. 

N.  25°  W . 

55°  NE. 

XXXIX. 

N.  47° E.. 

54°  NW. 

IV. 

N.  87°  W. 

90°. 

XXII. 

N.  23°  W. 

78°  NE. 

XL. 

N.  65° E.. 

90°. 

V. 

N.  63°  W. 

55°  NE. 

XXIII. 

N.  23°  W. 

42°  SW. 

XLI. 

N.  67° E.. 

CC 

O 

"I* 

00 

VI. 

N.  58°  W. 

62°  NE. 

XXIV. 

3 

00 

o 

* 

85°  NE. 

XLII. 

N.  77°  E. . 

85°  S. 

VII. 

N.  55°  W. 

85°  NE. 

XXV. 

N.  18°  W. 

68°  NE. 

XLIH. 

N.  77° E.. 

65°  N. 

VIII. 

N.  53°  W. 

76°  NE. 

XXVI. 

N.  15°  W. 

80°  NW. 

XLIV. 

N.  77°  E.. 

40°  S. 

IX. 

N.  51°  W. 

58°  NE. 

XXVII. 

N.  10°  W. 

90°. 

XLV. 

N.  82°  E.. 

90°. 

X. 

N.  48°  W. 

77°  NE. 

XXVIII. 

£ 

O 

00 

& 

90°. 

XL  VI. 

N.  83°  E.. 

90°. 

XI. 

N.  48°  W. 

44°  NE. 

XXIX. 

N.  5°  W.. 

90°. 

XLVII. 

N.  84°  E.. 

90°. 

XII. 

N.  46°  W. 

70°  NE. 

XXX. 

N.  5°  W.. 

90°. 

XL  VIII. 

N.  85°  E.. 

90°. 

XIII. 

N.  41°  W. 

45°  NE. 

XXXI. 

N.  3°  W.. 

90°. 

XLIX. 

N.  85°  E.. 

90°. 

XIV. 

N.  40°  W. 

48°  NE. 

XXXII. 

N.  3°  W.. 

40°  E. 

L. 

N.  87°  E.. 

90°. 

XV. 

N.  33°  W. 

79°  NE. 

XXXIII. 

N.  7°  E. . . 

58°  NW. 

LI. 

N.  87° E.. 

83°  S. 

XVI. 

N.  33°  W. 

72°  NE. 

XXXIV. 

N.  7°  E. . . 

55°  NW. 

LH. 

N.  88°  E.. 

68°  NW. 

XVII. 

N.  33°  W. 

38°  SW. 

XXXV. 

N.  37°  E.. 

85°  SE. 

LI1I. 

N.  89° E.. 

70°  NW. 

XVIII. 

N.  30°  W. 

74°  NE. 

XXXVI. 

N.  31°  E.. 

82°  SE. 

PIT  VI. 


I. 

N.  81°  W. 

90°. 

XVII. 

N.  25°  W. 

60°  SW. 

xxxn. 

N.  57° E.. 

82°  S. 

II. 

N.  56°  W. 

63°  NE. 

XVIII. 

N.  23°  W. 

72°  NE. 

xxxm. 

N.  67° E.. 

85°  N. 

m. 

N.  53°  W. 

40°  NE. 

XIX. 

N.  23°  W. 

65°  E. 

XXXIV. 

N.  67° E.. 

00 

Kj 

o 

CQ 

IV. 

N.  53°  W. 

38°  SW. 

XX. 

N.  23°  W. 

62°  E. 

XXXV. 

N.  69°  E.. 

75°  S. 

V. 

N.  51°  W. 

64°  NE.  . 

XXI. 

N.  22°  W. 

65°  E. 

XXXVI. 

N.  71° E.. 

83°  S. 

VI. 

N.  48°  W. 

44°  SW. 

XXII. 

N.  21°  W. 

70°  E. 

XXXVII. 

N.  72°  E.. 

78°  S. 

VII. 

N.  46°  W. 

60°  SW. 

XXIII. 

N.  18°  W. 

60°  E. 

XXXVIII. 

N.  75° E.. 

73°  S. 

VIII. 

N.  45°  W. 

74°  NE. 

XXIV. 

N.  13°  W. 

71°  E. 

XXXIX. 

N.  77° E.. 

84°  NW. 

IX. 

N.  43°  W. 

83°  NE. 

XXV. 

N.  3°  W.. 

70°  E. 

XL. 

N.  78°  E.. 

80°  NW. 

X. 

N.  43°  W. 

75°  NE. 

XXVI. 

N.  and  S. 

54°  W. 

XLI. 

N.  79° E.. 

90°. 

XI. 

N.  43°  W. 

80°  SW. 

XXVII. 

N.  2°  E. . . 

55°  W. 

XLII. 

N.  79° E.. 

90°. 

XII. 

N.  42°  W. 

82°  SW. 

XXVIII. 

N.  27'° E.. 

90°. 

XLUI. 

N.  81° E.. 

90°. 

XIII. 

N.  41°  W. 

84°  SW. 

XXIX. 

N.  32°  E.. 

52°  NW. 

XLIV. 

N.  82° E.. 

90°. 

XIV. 

N.  41°  W. 

82°  NE. 

XXX. 

N.  47°  E.. 

60°  NW. 

XLV. 

N.  83°  E.. 

90°. 

XV. 

XVI. 

40°  W. 

31°  W. 

68°  NE. 

39°  SW. 

XXXI. 

N.  47° E.. 

50°  NW. 

XL  VI. 

N.  84° E.. 

90°. 
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PIT  VII. 


I. 

N.  33°  W. 

85°  W. 

XIV. 

N.  2°  E . . . 

80°  NW. 

XXVII. 

N.  34°  E. . 

70°  NW. 

II. 

N.  28°  W. 

90°. 

XV. 

N.  5°  E . . . 

80°  NW. 

XXVIII. 

N.  35°  E  . 

72°  NW. 

III. 

N.  28°  W. 

61°  W. 

XVI. 

N.  7°  E. . . 

78°  NW. 

XXIX. 

N.  35°  E 

58°  NW. 

IV. 

N.  27°  W. 

60°  W. 

XVII. 

N.  7°  E.  . . 

61°  NW. 

XXX. 

N.  37°  E  . 

90°. 

V. 

N.  24°  W. 

84°  W. 

XVIII. 

N.  15°  E.. 

74°  NW. 

XXXI. 

N.  37° E  . 

65°  NW, 

VI. 

N.  23°  W. 

60°  W. 

XIX. 

N.  25°  E  . 

76°  NW. 

XXXII. 

N.  39°  E. 

9j°. 

VII. 

N.  17°  W. 

85°  E. 

XX. 

N.  25°  E. . 

70°  NW. 

XXXIII. 

N.  72°  E. . 

77°  S. 

VIII. 

N.  17°  W. 

80°  W. 

XXI. 

N.  27°  E . . 

68°  NW. 

XXXIV. 

N.  77°  E. 

90°. 

IX. 

N.  14°  W. 

90°. 

XXII. 

N.  29°  E.. 

80°  NW. 

XXXV. 

N.  77°  E.. 

49°  S. 

X. 

N.  13°  W. 

76°  W. 

XXIII. 

N.  29° E.. 

68°  NW. 

XXXVI. 

N.  82°  E. . 

75°  N. 

XI. 

N.  3°  W.. 

60°  W. 

XXIV. 

N.  31°  E. . 

90°. 

XXXVII. 

N.  87°  E  . 

90°. 

XII. 

N.  1°  W.. 

78°  W. 

XXV. 

N.  32° E.. 

90°. 

XXXVIII. 

N.  87°  E.. 

90°. 

XIII. 

N.  2°  E . . . 

82°  NW. 

XXVI. 

N.  34°  E.. 

90° 

pit  vm. 


I. 

N.  58°  W. 

84°  NE. 

V. 

N.  33°  W. 

72°  SW. 

vm. 

N.  52°  E. 

80°  NW. 

II. 

N.  53°  W. 

60°  SW. 

VI. 

N.  47°  E . . 

id 

O 

~ 

00 

IX. 

N.  54° E.. 

79°  NW. 

III. 

N.  45°  W 

65°  NE. 

VII. 

N.  48° E.. 

79°  NW. 

X. 

N.  59° E.. 

75°  NW. 

IV. 

N.  38°  W. 

75°  NE. 

PIT  IX. 


I. 

N.  75°  W. 

83°  SE. 

IX. 

N.  51° E  . 

90°. 

XV. 

N.  60° E.. 

72°  NW. 

II. 

N.  71°  W 

82°  SE. 

X. 

N.  51°  E  .. 

78°  SW. 

XVI. 

N.  63°  E.. 

81°  N. 

III. 

N.  65°  W. 

75°  E. 

XI. 

N.  55°  E . . 

77°  N. 

XVII. 

N.  65°  E.. 

74°  N. 

IV. 

N.  61°  W. 

80°  E. 

XII. 

N.  57°  E 

id 

O 

O 

GO 

XVIII. 

N.  69° E-. 

79°  N. 

VI. 

N.  28°  W. 

70°  E. 

XIII. 

N.  59°  E. 

90°. 

XIX. 

N.  70°  E.. 

78°  SE. 

VII. 

N.  25°  W. 

70°  E. 

XIV. 

N.  59° E.. 

80°  S. 

XX. 

N.  71° E 

71°  S. 

VIII. 

N.  23°  W. 

71°  E. 

PIT  X. 


I. 

N.  76°  W. 

83°  N. 

vm. 

N.  31° E.. 

70°  NW. 

XV. 

N.  70°  E . 

72°  S. 

II. 

N.  76°  W. 

76°  N. 

IX. 

N.  34° E.. 

67°  NW. 

XVI. 

N.  70°  E. 

75°  S. 

III. 

N.  32°  W. 

83°  E. 

X. 

N.  47° E.. 

81°  NW. 

XVII. 

N.  71°  E.. 

54°  N. 

IV. 

N.  23°  W 

90°. 

XI. 

N.  48°  E  .. 

83°  SE. 

XVIII. 

N.  75°  E. . 

70°  S. 

V. 

N.  15°  W. 

80°  SW. 

XII. 

N.  66° E.. 

00 

o 

GO 

XIX. 

N.  77° E. . 

73°  S. 

VI. 

N.  10°  E.. 

45°  NW. 

XIII. 

N.  69°  E.. 

70°  S. 

XX. 

N.  84°  E., 

90°. 

VII. 

N.  27° E.. 

70°  SE. 

xrv. 

N.  70°  E.  . 

83°  S. 

XXI. 

N.  86°  E.. 

82°  S. 

PIT  XI. 


I. 

E. and  W. 

90°. 

IX. 

N.  52°  W 

87°  SW. 

XVI. 

N.  32° E.. 

90°. 

II. 

N.  83°  W 

90°. 

X. 

N.  52°  W 

70°  NE 

XVII. 

N.  32°  E. 

80°  NW. 

III. 

N.  66°  W. 

id 

o 

CO 

00 

XI. 

N.  52°  W. 

87°  SW. 

XVIII. 

N.  34°  E. 

81°  SE. 

IV. 

N.  61°  W. 

48°  NE. 

XII. 

N.  48°  W. 

82°  NE. 

XIX. 

N.  37°  E.. 

62°  NW. 

V. 

N.  58°  W. 

80°  NE. 

XIII. 

N.  46°  W . 

90°. 

XX. 

N.  39° E.. 

75°  N. 

VT. 

N.  56°  W. 

80°  NE. 

XIV. 

N.  2°  E . . . 

64°  E. 

XXI. 

N.  47°  E . 

65°  NW. 

VII. 

N.  54°  W. 

87°  NE. 

XV. 

N.  22°  E.. 

64°  NW. 

XXII. 

N.  49°  E.. 

00 

T 

O 

rM 

jg 

VIII. 

N.  53°  W. 

90°. 

GOO 
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PIT  XII. 


I. 

N.  83°  W. 

73°  SW. 

XVIII. 

3 

^  1 
to 

°  ! 

90°. 

XXXV. 

N.  29°  E. . 

85°  NW. 

n. 

N.  75°  W 

73°  NE. 

XIX. 

N.  13°  W. 

54°  W. 

XXXVI. 

N.  30° E.. 

83°  NW. 

m. 

N.  07°  W. 

85°  NE. 

XX. 

N.  3°  W. . 

58°  NW. 

XXXVII. 

N.  32° E 

83°  NW. 

IV. 

N.  00°  W. 

90°. 

XXI. 

N.  1°  W.  . 

64°  NW. 

XXXVIII. 

N.  32°  E . 

63°  NW. 

V. 

N.  00°  W. 

76°  NE. 

XXII. 

N.  2°  E . . . 

71°  SW. 

XXXIX. 

N.  34°  E 

68°  NW. 

VI. 

N.  60°  W. 

64°  NE. 

XXIII. 

N.  9°  E . . . 

60°  NW. 

XL. 

N.  37°  E. . 

90°. 

VII. 

N.  G3°  W. 

83°  N. 

XXIV. 

N.  12°  E.. 

60°  NW. 

XLI. 

N.  37°  E. 

76°  NW. 

VIII. 

N.  60°  W 

90°. 

XXV. 

N.  17°  E. 

64°  NW. 

XLII. 

N.  39°  E . . 

90°. 

IX. 

N.  58°  W. 

88°  NE. 

XXVI. 

N.  17°  E. . 

78°  NW. 

XLIH. 

N.  39°  E . 

62°  NW. 

X. 

N.  56°  W. 

83°  NE. 

XXVII. 

N.  20°  E.. 

78°  NW. 

XLIV 

N.  40°  E. 

86°  NW. 

XI. 

N.  53°  W. 

81°  NE. 

XXVIII. 

N.  20°  E.. 

152°  NW. 

XLV. 

N.  41° E  . 

90°. 

XII. 

N.  53°  W . 

78°  SW. 

XXIX. 

N.  22°  E.. 

69°  SE. 

XLVI. 

N.  41°  E. . 

73°  NW. 

XIII. 

N.  46°  W. 

70°  NE. 

XXX. 

N.  24°  E.. 

90°. 

XL  VII. 

N.  41°  E. 

58°  NW. 

XIV. 

N.  45°  W. 

75°  NE. 

XXXI. 

N.  25°  E.. 

84°  NW. 

XLVIII. 

N.  42° E.. 

90°. 

XV. 

N.  44°  W. 

80°  NE. 

XXXII. 

N.  26°  E  . 

90°. 

XLIX. 

N.  48° E.. 

78°  NW. 

XVI. 

N.  36°  W. 

68°  NE. 

XXXIII. 

N.  26° E.. 

65°  NW. 

L. 

N.  62°  E.. 

83°  NW. 

XVII. 

N.  33°  W 

73°  NE. 

xxxrv. 

N.  27° E.. 

83°  NW. 

LI. 

N.  66°  E.. 

90°. 

PIT  XIII. 


I. 

N.  86°  W. 

75°  NE. 

IX. 

N.  30°  W. 

87°  NE. 

XVI. 

N.  £0°  E. . 

71°  NW. 

II. 

N.  84°  W 

76°  NE. 

X. 

N.  28°  W . 

70°  NE. 

XVII. 

N.  22°  E.. 

84°  SE. 

III. 

N.  83°  W 

80°  NE. 

XI. 

N.  12°  W 

80°  NE. 

XVIII. 

N.  28°  E.. 

78°  SE. 

IV. 

N.  38°  W. 

73°  NE. 

XII. 

N.  8°  W. . 

78°  NE. 

XIX. 

N  30° E.. 

78°  SE. 

V. 

N.  36°  W 

78°  NE. 

XUI. 

N.  17°  E. 

80°  SE. 

XX. 

N.  48°  E.. 

80°  SE. 

VI. 

N.  34°  W . 

85°  NE. 

XIV. 

N.  17°  E.. 

7'3°  SE. 

XXI. 

N.  67° E.. 

90°. 

vn. 

N.  33°  W 

75°  NE. 

XV. 

N.  20°  E. 

83°  SE. 

XXII. 

N.  73°  E.. 

75°  S. 

VIII. 

N.  31°  W. 

81°  NE. 

PIT  XIV. 


I. 

N.  39°  W. 

87'°  NE. 

XV. 

N.  34°  E.. 

68°  NW. 

XXIX. 

N.  59°  E.. 

90°. 

II. 

N.  35°  W. 

90°. 

XVI. 

N.  35°  E.. 

90°. 

XXX. 

N.  59°  E 

90°. 

III. 

N.  33°  W. 

90°. 

XVII. 

N.  37° E.. 

83°  NW. 

XXXI. 

N.  60°  E. . 

90°. 

IV. 

N.  18°  W. 

90°. 

XVIII. 

N.  40°  E.. 

90°. 

XXXII. 

N.  61°  E. . 

79°  NW. 

V. 

N.  25° E.. 

90°. 

XIX. 

N.  40° E.. 

84°  NW. 

XXXIII. 

N.  62° E.. 

82°  NW. 

VI. 

N.  28°  E. 

70°  NW. 

XX. 

N.  40° E.. 

78°  NW. 

XXXIV. 

N.  63°  E.. 

90°. 

VII. 

N.  30°  E.. 

84°  SE. 

XXI. 

N.  40°  E.. 

73°  NW. 

XXXV. 

N.  67°  E. . 

78°  SE. 

VIII. 

N.  31°  E. 

78°  NW. 

XXII. 

N.  41°  E.. 

74°  NW. 

XXXVI. 

N.  71°  E.. 

90°. 

IX. 

N.  32°  E. . 

90°. 

XXIII. 

N.  47° E.. 

88°  NW. 

XXXVII. 

N.  75°  E. 

90°. 

X. 

N.  32°  E 

90°. 

xxrv. 

N.  47°  E. 

72°  NW. 

XXXVIII. 

N.  77°  E. 

83°  SE. 

XI. 

N.  32° E.. 

85°  NW. 

XXV. 

N.  48° E. 

90°. 

XXXIX. 

N.  77° E.. 

82°  SE. 

XII. 

N.  32° E.. 

75°  NW. 

XXVI. 

N.  49°  E.. 

75°  NW. 

XL. 

N.  83°  E.. 

CO 

o 

o 

CO 

XIII. 

N.  32° E.. 

7'3°  NW. 

XXVII. 

N.  50° E.. 

90°. 

XLI. 

N.  84°  E. . 

83°  N. 

XIV. 

N.  34°  E.. 

78°  NW. 

XXVIII. 

N.  58°  E. . 

82°  NW. 

XLII. 

N  87° E.. 

85°  N. 
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RIFTING  OF  THE  QUARRIED  ROCKS. 

The  quarried  rocks  of  Cape  Anil  exhibit,  as  do  those  in  other  parts 
of  the  country,  the  phenomenon  of  “rifting”  in  an  interesting  man¬ 
ner.  It  is  owing  to  the  existence  of  this  feature  that  the  imperfectly 
jointed  rocks  of  this  region  are  so  serviceable  to  the  quarryman. 
By  the  term  “rift”  is  indicated  an  incipient  fracture  in  the  rock 
which  has  not  developed  in  the  form  of  a  joint  plane.  No  very  dis¬ 
tinct  passage  has  been  seen  between  the  incipient  fracture  of  the 
rifting  and  the  perfect  joint  planes.  At  one  point  between  the 
two  great  quarries  at  Bay  View,  where  the  rift  has  been  subjected  to 
the  action  of  the  weather  on  the  old  glacial  surface  or  on  a  surface 
which  has  been  for  some  time  bared  to  the  weather,  the  rifting  ap¬ 
pears  as  visible  fractures,  not  averaging  more  than  a  quarter  of  an 
inch  apart  and  extending  for  a  distance  of  two  feet  through  the  rock. 
In  yet  other  cases,  joints  which  have  a  development  of  chloritic  and 
epidotic  material  on  the  side  of  the  fracture,  known  to  the  quarry- 
men  as  “green  seams,”  pass  rather  more  distinctly  into  the  rift 
planes  than  do  the  ordinary  joints. 

Qnarrymen,  for  convenience  of  description,  divide  the  rift  lines 
along  which  their  rock  fractures  into  two  divisions,  which  are  gen¬ 
erally  found  in  quarries,  viz,  the  “rift”  and  the  “cut-off.”  The 
most  manifest  of  these,  whatever  be  the  direction,  they  term  the  rift. 
A  set  of  joints  at  an  angle  of  about  65  degrees  to  the  rift  they  call 
the  “cut-off.”  Sometimes  a  third  system  of  incipient  fractures  is 
found  nearly  horizontal,  which  they  term  “lift.”  No  other  planes 
of  fractures  save  those  three  are  found  in  the  granites  of  Cape  Ann. 
Indeed,  the  third  line  of  fracture  is  more  frequently  absent  than 
present. 

The  peculiar  feature  of  all  these  incipient  fractures  is  that  they 
appear  only  where  the  rock  has  been  exposed  to  the  weather  or  to 
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strain,  while  the  joints,  though  not  readily  visible,  appear  evident 
on  close  inspection  as  far  as  the  tendency  to  split  on  their  planes 
extends. 

When  broken  along  the  rift  planes  the  faces  of  the  fracture  are 
much  rougher  than  the  faces  exhibited  by  the  deeper  joint  planes. 
This  at  first  sight  seemed  to  indicate  that  the  character  of  the  frac¬ 
tures  and  faults  was  essentially  different  from  that  artificially  de¬ 
veloped  on  the  rift  lines.  It  may  be,  however,  that  the  processes  of 
decay  and  replacement  brought  about  by  the  action  of  the  weather 
along  the  joint  planes  has  caused  this  difference.  It  is  also  notice¬ 
able  that  where  the  rock  is  broken  across  the  rift  axes  it  commonly 
assumes  the  conchoidal  fracture,  and  has  in  all  cases  the  surface 
much  more  rough  than  that  of  the  fractures  which  have  developed 
along  the  rift  planes.  This  is  evidently  due  to  the  fact  that  in  the 
conchoidal  fracture  the  splitting  turns  around  the  crystals  more 
than  it  does  when  the  splitting  is  along  the  rift. 

Although  it  is  not  yet  certainly  the  case,  it  seems  likely  that  there 
is  a  relation  of  a  genetic  sort  between  these  fractures  of  the  rift  and 
those  which  are  expressed  in  recognizable  joint  planes.  In  some  of 
the  quarries  there  is  a  manifest  connection  between  the  two.  Thus 
in  the  Bay  View  quarries  the  most  evident  rift  agrees  exactly  in 
direction  with  the  most  conspicuous  set  of  joint  planes.  Elsewhere 
the  relation  can  not  be  so  well  made  out.  It  may  be  also  noted  that 
in  one  case  the  most  evident  rift  plane  on  one  side  of  a  dike  appeared 
to  be  indicated  but  extinguished  on  the  other  side  of  the  intrusion. 

Microscopic  examination  shows  that  the  rifting  probably  occurs 
under  the  following  conditions :  The  mass  of  granite,  like  that  of 
other  holo-crystalline  rocks,  is  made  up  of  material,  all  of  which  is 
arranged  with  reference  to  definite  crystalline  axes,  but  these  axes 
are  disposed  in  an  entirely  irregular  manner.  These  crystals  each 
have  planes  on  which  breakage  will  more  readily  occur  than  on  other 
lines.  Now,  some  of  these  crystals,  the  feldspar  and  hornblende  at 
least,  have  lines  along  which  they  fracture  with  certain  readiness. 
Such  fracture  planes  are  not  known  to  exist  with  quartz,  but  it  may 
also  have  axes  on  which  breakage  is  somewhat  more  easy  than  in 
other  planes.  Moreover,  in  all  these  crystals,  whatever  the  shape  of 
their  periphery,  the  line  of  juncture  with  the  neighboring  crystals  is 
always  somewhat  irregular.  Now,  if  a  mass  of  this  rock  by  strains 
is  urged  to  fracture,  the  plane  of  rupture  will  be  formed  at  some 
points  by  breaking  through  the  crystal  along  its  line  of  weakness, 
and  in  a  general  way  coincide  with  the  run  of  the  rupture  plane. 
In  other  cases  the  rupture  will  follow  around  the  adjacent  faces  of 
the  crystals.  Microscopic  sections  show  that  something  like  this 
action  has  taken  place.  Along  the  lines  of  the  rift  where  they  cut 
through  a  feldspar  crystal,  although  the  evidence  of  displacement  is 
obscure,  the  existence  of  a  rupture  is  shown  by  the  presence  of  a 
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distinct  fault  breccia,  the  fragments  of  the  breccia  having  been 
afterwards  cemented  together  with  quartz,  or,  perhaps,  by  other 
minerals. 

It  seems  likely  that  the  amount  of  dislocation  attendant  on  the 
formation  of  these  fractures  is  extremely  small,  but  this  amount  has 
not  yet  been  determined.  It  seems  also  probable  in  all  cases  that  the 
fracture  is  practically  closed  by  the  secretion  of  cement,  which  has 
bound  the  walls  together.  It  may  well  have  been  that  these  several 
separate  sets  of  fractures,  those  of  the  rift,  the  cut-off,  and  lift,  were 
formed  at  different  times,  and  were  in  turn  more  or  less  completely 
healed  by  exudations  from  the  walls.  Although  these  walls  are  at 
least  in  part  fixed  together,  when  the  quarryman  disrupts  the  mass, 
fractures  more  readily  occur  along  these  old  planes  than  in  any  other 
direction. 

The  difficulty  in  identifying  the  rift  structure  with  the  joint  planes 
arises  from  the  fact  that  the  joint  planes  are  generally  remote  from 
each  other  in  a  far  greater  degree  than  those  of  the  rifts,  there  being, 
in  effect,  no  passage  between  the  two  classes  of  ruptures.  If  joint 
planes  are  genetically  connected  with  rift  planes,  then  it  must  have 
been  that  by  the  application  of  some  force  after  the  rifts  were  formed 
certain  of  the  fracture  lines  at  remote  intervals  were  by  secondary 
strains  developed  into  joints. 

Even  if  we  could  account,  as  it  seems  likely  we  may,  for  certain  of 
the  joint  planes  on  this  hypothesis,  there  remain,  as  the  foregoing 
statements  concerning  joints  show,  many  others  which  can  not  be  re¬ 
ferred  to  planes  of  rifting.  It  seems  pretty  clear  that  there  is  not 
an  indefinite  number  of  rift  planes  in  the  mass  of  the  rock,  while  the 
number  of  positions  of  the  joint  planes  is  practically  indefinite.  Al¬ 
though  the  rift  planes  exist  in  a  great  portion  of  the  rocks  of  Cape 
Ann  there  are  some  considerable  irregularly  disposed  areas  in  the 
quarries,  which  appear  in  good  part,  if  not  entirely,  destitute  of  these 
potential  fracture  lines.  So  far  it  has  not  been  possible  to  secure  any 
clue  as  to  the  relations  of  these  non-rifted  areas. 

There  is  a  practical  point  which  Comes  out  of  this  consideration 
concerning  the  value  of  rifts  and  joints  to  the  quarryman’s  work. 
In  general  the  joint  planes  of  our  crystalline  rocks  are  disadvantage¬ 
ous  to  the  quarryman.  In  certain  cases  they  serve  his  needs,  but 
oftener  with  a  number  of  these  fracture  lines  they  break  up  the  rock 
into  inconvenient  forms.  Moreover,  the  joint  planes,  even  where 
useful,  are  apt  to  become  less  distinct  as  depth  is  attained.  On  the 
other  hand,  the  rift,  though  variable  in  amount  and  direction,  ap¬ 
pears  to  be  a  permanent  feature  in  granitic  rocks,  and  on  the  relation 
of  the  planes  to  each  other  depends  in  a  large  measure  the  servicea¬ 
bility  of  the  material  for  architectural  purposes.  It  therefore  is  well 
for  persons  undertaking  costly  work,  connected  with  the  stripping 
away  of  parts  of  the  rock  which  are  affected  by  water  and  other 
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agents  of  superficial  decay,  to  determine  tlie  character  of  the  incipient 
rift  fractures  with  reference  to  the  end  in  view. 

THE  GENERAL  PETROGRAPHY  OF  CAPE  ANN. 

The  bed  rock  on  the  island  of  Cape  Ann  is  mainly  granite  cut  in 
various  directions  by  diabase  and  other  dikes.  This  granite  has 
been  studied  by  several  geologists,  and  has  been  called  syenite, 
granite,  and  granitite.  Dr.  M.  E.  Wadsworth,  who  has  made  the 
most  careful  petrographic  studies  in  this  region,  has  decided  the 
rock  to  be  hornblendic  granitite,  and  the  studies  made  in  prepara¬ 
tion  for  this  report  point  to  the  same  conclusion.  In  a  dozen  micro¬ 
scopic  slides  cut  from  specimens  collected  at  various  points  on  the 
island  a  very  nearly  uniform  character  is  observed.  Quartz  and  or- 
thoclase  feldspar  form  the  bulk  of  the  rock,  with  black  hornblende 
and  biotite  as  the  two  other  essential  constituents.  The  feldspar  is 
often  microline.  Both  the  quartz  and  feldspar  are  very  much 
strained  and  broken,  exhibiting  distinct  lines  of  weakness  which  de¬ 
velop  the  rift  of  the  rock. 

Besides  these  essential  minerals  we  find  the  usual  accessories  of 
granite,  plagioclase  feldspar,  magnetite,  limcnite,  chlorite,  apatite, 
zircon,  epidote,  and  fluorite.  The  mineral  danalite,  which  Dr.  J.  P. 
Cooke  described  from  Rockport,  also  occasionally  occurs.  It  resem¬ 
bles  garnet  in  the  slide,  as  well  as  when  macroscopically  examined. 

All  the  quarries  on  Cape  Ann  are  in  rock  having  a  uniform  char¬ 
acter  as  above  described.  At  those  exposures  the  biotite  and  horn¬ 
blende  vary  somewhat  in  abundance  ;  but  aside  from  this  there  is 
very  little  local  modification  in  the  character  of  the  rock.  On  the 
sea  shore,  however,  we  observe  that  there  are  considerable  varia¬ 
tions  in  its  texture  and  composition.  In  some  places  it  is  very  fine 
grained  ;  again  it  becomes  extremely  coarse  and  almost  porphyritic. 
In  some  cases  the  granite  weathers  easily;  in  others  it  is  very  dura¬ 
ble.  The  rock  often  becomes  very  syenitic,  and  in  one  locality,  in  a 
railroad  cut  on  the  Eastern  Railroad  line,  near  the  Magnolia  station, 
the  almost  total  absence  of  free  quartz  makes  the  rock,  at  least 
locally,  a  true  syenite.  It  is  possible  that  in  some  cases  these  varia¬ 
tions  may  be  caused  by  injections  of  granitic  dikes  through  the  bed 
rock  ;  although  in  no  case  has  it  been  possible  to  prove  this  hypoth¬ 
esis. 

The  islands  lying  near  the  shore — Milk,  Salvages  and  Thatcher’s — 
present  a  more  difficult  problem.  Their  complete  isolation  from  the 
main  mass  and  separation  by  a  rather  deep  trough  may  indicate  a 
line  of  weakness  occupied  by  some  more  easily  eroded  rock,  or  per¬ 
haps  may  represent  the  line  of  contact  of  two  distinct  granitic  injec¬ 
tions.  The  petrographic  evidence  on  this  point  is  not  complete.  The 
bed  rock  on  these  several  islands,  while  being  essentially  the  same, 
differs  widely  in  character  from  that  on  the  mainland.  Whether  this 
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be  due  simply  to  local  variations  in  the  Cape  Ann  mass,  or  whether 
it  marks  a  distinct  ejection,  has  not  been  determined. 

Macroscopically,  the  rock  on  the  above-named  islands  differs  from 
that  on  Cape  Ann  in  being  much  darker,  in  the  greater  abundance 
of  hornblende  and  magnetite,  in  containing  much  less  quartz,  and  in 
having  a  darker  colored  feldspar.  Quartz  is  quite  common  as  minute 
crystalloids,  and  the  feldspar  often  occurs  in  the  form  of  Carlsbad 
twins  and  as  microline.  The  general  absence  of  macroscopic  quartz 
is  sufficiently  well  marked  to  place  the  rock  among  the  syenitic  gran¬ 
ites.  There  is  a  frequent  tendency  to  the  porphyritic  character.  No 
distinction  between  these  rocks  has  been  made  in  the  accompanying 
map  of  the  bed  rock. 

In  the  vicinity  of  Squam  River  an  area  of  diorite  has  been  found 
occupying  the  position  indicated  upon  the  map.  The  depression  oc¬ 
cupied  by  Squam  River  is  one  of  the  most  marked  features  in  the 
topography  of  the  region.  On  either  side  are  high  hills,  and  the 
center  of  the  Reach  is  considerably  below  sea  level,  although  it  is 
much  encumbered  by  glacial  drift.  To  explain  this  valley  was  for  a 
long  time  a  difficult  problem.  It  appeared  quite  evident  that  it 
must  indicate  a  line  of  weakness  in  the  granitite,  though  the  nature 
of  this  remained  undetermined.  The  general  agreement  between 
the  trend  of  the  valley,  and  the  strike  of  the  principal  set  of  dikes 
and  their  abundance  in  that  vicinity,  suggested  an  explanation 
which  lacked  proof.  For  some  time  the  presence  of  this  diorite  was 
unperceived,  and  it  was  considered  a  mere  fine  grained  variation  of 
the  Cape  Ann  granitite. 

This  diorite  is  very  light  colored,  has  a  very  glassy  feldspar  and 
some  quartz,  so  that  until  the  microscope  was  used  its  true  charac¬ 
ter  was  undiscovered.  The  rock  is  finer  grained  than  the  granitite, 
is  a  trifle  darker,  and  has  a  much  more  complicated  development  of 
joint  planes.  Instead  of  the  great  massive  jointing  so  typical  of 
granitite,  the  rock  is  cut  into  small  blocks  by  numerous  unsystemati¬ 
cally  arranged  joint  planes.  This,  however,  served  as  no  guide,  for 
the  granitite  is  occasionally  cut  by  equally  frequent  joints. 

Petrographieally,  the  rock  is  composed  of  plagioclase  feldspar, 
with  much  biotite  and  hornblende.  Quartz  is  often  very  abundant, 
ortlioclase  feldspar,  apatite,  and  zircon  occur  occasionally. 

It  is  difficult  to  determine  which  of  these  two  rocks  is  the  older. 
The  region  is  so  drift-covered  that  the  contact  can  not  be  seen ;  but 
wherever  it  is  approached  the  granitite  becomes  markedly  porphyritic ; 
in  some  places,  however,  as  for  instance  on  the  hill  called  “The 
Poles,”  in  Gloucester,  the  diorite  exhibits  the  same  phenomenon. 
The  contact  effects  are  not  uniformly  well  marked,  which  may  be 
explained  by  the  supposition  that  at  the  time  of  the  injection  of  one 
of  the  masses  the  other  was  still  very  much  heated.  No  dike  of 
granitite  has  been  found  cutting  the  diorite,  nor  does  this  rock,  so  far 
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as  observed,  send  tongues  into  the  granitite.  In  several  places,  nota¬ 
bly  on  the  road  to  Coffin’s  Beach,  and  in  the  vicinity  of  Bond’s  Hill, 
on  the  west  side  of  Square  River,  opposite  the  city  of  Gloucester,  the 
diorite  is  in  such  a  position  as  to  indicate  that  it  is  included  in  the 
granitite.  Owing  to  the  abundance  of  drift,  this  point  in  any  of 
these  localities  can  not  be  definitely  settled.  The  first  impression  was 
that  we  had  here  a  great  dike  of  diorite  cutting  the  granitite ;  but 
every  indication  in  the  field  points  to  the  opposite  conclusion,  namely, 
that  the  granitite  has  burst  up  around  this  diorite,  leaving  it  as  an 
included  mass. 

The  mass  of  diorite  is  apparently  of  an  irregularly  circular  form, 
having  its  center  at  about  the  middle  of  the  Annisquam  Reach  on 
Rust’s  Island.  On  all  sides  where  the  rocks  outcrop,  it  is  surrounded 
by  granitite,  the  two  entrances  of  the  Reach  being  the  only  places 
where  it  could  possibly  have  cut  the  granitite.  These  entrances  are 
narrow  and  are  bounded  on  either  side  by  granitite  which  is  not  por- 
phyritic,  which  facts  almost  exclude  the  hypothesis  that  the  diorite 
has  cut  the  granitite.  The  porphyritic  character  of  the  granitite  in 
many  places  is  remarkably  well  developed ;  but  nowhere  better  than 
at  West  Gloucester,  near  the  Russian  Cement  Company’s  factory. 
The  granite  porphyry  at  this  point  has  fine,  large  porphyritic  crystals 
of  quartz  and  feldspar  in  a  ground  mass  composed  mainly  of  the 
same  minerals.  It  is  very  finely  jointed,  as  may  be  seen  in  the  pict¬ 
ure  of  the  post-glacial  talus.  (See  PI.  L.)  The  approach  of  the 
diorite  and  granite  is  generally,  though  not  invariably,  marked 
by  a  distinct  drift-filled  valley.  The  granite  as  it  approaches  the 
contact  is  very  much  broken,  and,  even  when  not  porphyritic,  quite 
different  from  the  typical  Cape  Ann  granite. 

The  abundance  of  hornblende,  the  character  of  the  feldspar,  and 
the  general  absence  of  quartz,  all  render  this  rock  open  to  the  attack 
of  the  elements.  This  weakness  is  enhanced  by  the  character  of  the 
jointing,  both  in  this  diorite  and  in  the  surrounding  granite. 

Some  petrographic  study  has  been  given  to  the  phenomena  of  inclu¬ 
sions,  veins,  segregations,  dikes,  decomposition  and  rift  as  observed 
in  the  granite  of  this  island.  V eins  and  segregations  are  both  quite 
commonly  found.  In  the  Rockport  quarry,  pockets  exist  in  the 
granite  containing  quartz  and  feldspar,  intergrown  to  form  the  so- 
called  graphic  granite.  In  connection  with  these,  are  large  nodules 
of  smoky  and  milky  quartz,  masses  of  green  feldspar,  and  small 
segregations  of  magnetite,  frequently  containing  on  their  edges  small, 
perfect  prisms  of  zircon,  terminated  by  pyramids  with  convex  faces. 
Fluorite  and  danalite  also  occur  in  these  veins  in  considerable  masses. 
On  the  sea  shore,  little  pockets  and  veins  of  graphic  granite,  blue 
quartz,  feldspar,  hornblende,  and  magnetite  are  often  found,  though 
they  are  by  no  means  as  common  as  in  other  regions  on  the  New 
England  coast. 
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Basic  segregations,  tlie  “  black  patches  ”  of  the  quarrymen,  are  met 
with  in  all  the  quarries.  These  are  irregular,  bluish  patches,  com¬ 
posed  of  feldspar  and  the  more  basic  of  the  granitic  constituents  fad¬ 
ing  quite  gradually  into  the  true  granitite.  These  patches  represent 
the  remnants  of  original  segregations  of  the  more  basic  elements 
from  the  granitic  magma,  before  the  final  cooling  of  the  mass.  The 
variations  in  the  hue,  from  a  light  blue  to  a  very  dark  shade  of  the 
same  color,  depends  upon  the  abundance  of  hornblende  and  magnet¬ 
ite  which  occur  in  fine  grains  scattered  through  the  feldspar  and 
quartz  ground  mass.  In  the  slides,  these  basic  segregations  show 
the  ordinary  granite  minerals  in  very  fine  grains,  and  in  different 
proportions  from  that  of  the  true  granitite.  Both  orthoclase  and 
plagioclase  feldspar  occur,  the  latter  being  rare  ;  fine  grained  quartz 
is  very  abundant ;  hornblende  and  magnetite  are  common ;  and 
there  is  some  biotite.  The  micropertliite  intergrowth  of  feldspar  is 
extremely  well  shown,  and  Carlsbad  twins  are  found  everywhere. 
The  effect  of  strain  is  shown  in  all  the  quartz  grains  of  sufficient 
size. 

True  inclusions  of  other  rocks  are  not  commonly  met  with  in  the 
granitic  material.  Near  the  contact  of  the  granitite  with  the  diorite 
in  the  West  Gloucester  district,  apparent  inclusions  of  diorite  are 
common.  In  other  parts  of  the  region  undoubted  inclusions  of 
dioritic  and  gneissoid  rocks  are  found.  Instances  of  the  latter  kind 
of  inclusions  were  noticed  on  Davis’  Neck,  and  at  various  other 
points  along  the  Bay  View  and  Lanesville  shore.  From  the  large 
number  of  included  fragments,  on  this  northwest  shore  of  the  island, 
one  might  be  led  to  suspect  that  the  locality  is  near  the  contact  of 
the  granitite  with  gneiss  which  may  occupy  the  bed  of  Ipswich  Bay. 

Wherever  any  area  of  an  acre  or  more  of  rock  is  bared  by  the 
waves,  or  by  the  quarryman’s  work,  we  find  dike  rocks  cutting  the 
granite.  As  before  described,  over  three  hundred  and  fifty  dikes 
have  been  observed,  mainly  upon  the  sea  shore  line.  The  dikes, 
being  more  easily  eroded  than  the  granitite,  seldom  outcrop  in  the  in¬ 
terior  region.  There  can  be  no  doubt  that  they  are  as  abundant 
here  as  on  the  sea  shore  and  their  positions  are  often  suggested  by 
narrow  drift-filled  chasms  in  the  granitite. 

No  thorough  petrographic  study  has  been  made  of  any  of  these 
dikes;  but  a  few  of  the  more  interesting  ones  have  been  subjected  to 
a  cursory  microscopic  examination.  In  general,  it  may  be  said  that 
the  dike  rocks  are  either  diabase  or  quartz  porphyry,  and  these  two 
general  divisions  only  have  been  adopted  in  the  accompanying  map 
of  the  bed  rock.  Numerous  subdivisions  might  be  made  upon  the 
basis  of  the  ground  mass  or  special  variations  of  mineral  composi¬ 
tion,  but  no  attempt  has  been  made  to  do  so. 

Dikes  numbered  on  the  map  as  follows  have  been  found  by  a  mi¬ 
croscopic  examination  to  be  diabase:  5,  9,  57,  61,  91,  131,  150,  175,  201, 
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217,  229,  264,  276,  277,  and  299.  They  have  the  ordinary  diabase  com¬ 
position,  most  being  porphyritic;  some  holocrystalline;  others  cryp¬ 
tocrystalline.  No  signs  of  glass  are  present  though  the  contact  is 
often  very  fine  grained  and  dense  and  may  he  composed  of  devitrifi¬ 
cation  products.  Latli-shaped  plagioclase  crystals  are  always  pres¬ 
ent  both  as  porphyritic  crystals  when  the  rock  is  porphyritic  and  in 
the  ground  mass.  It  is  sometimes  very  clear  and  glassy;  hut  more 
often  somewhat  decomposed.  In  some  cases  complete  sausaurization 
results.  Signs  of  paramorpliism  are  not  wanting.  Brown  and  very 
pleochroic  biotite  is  common  as  a  primary  constituent  and  also  as  a 
secondary  product.  It  contains  the  usual  diabase  inclusions  and 
alters  readily  to  chlorite.  Fine  crystals  of  augite  occur  in  the  por- 
phyrites,  in  some  cases  being  pleochroic,  but  generally  clear  and 
colorless  or  pale  green.  The  ground  mass  is  frequently  one-half 
augite.  It  decomposes  readily  to  chlorite,  green  hornblende,  mag¬ 
netite,  etc.,  until  often  no  trace  of  it  is  left  in  the  rock.  This  is  the 
case  in  dikes  Nos.  91  and  299.  Muscovite,  calcite,  magnetite,  iron 
pyrite,  apatite,  epidote  and  other  products  of  decomposition  are  com¬ 
mon  in  the  slides  made  from  all  these  dikes.  In  one  case  olivine  was 
also  present.  No.  175  is  a  large  dike  of  metamorphosed  diabase  por¬ 
phyry  18  feet  in  width  and  extending  several  miles  in  Rockport  and 
Pigeon  Cove.  It  has  extremely  large  plagioclase  feldspar  crystals 
several  inches  in  length,  often  very  much  decomposed.  The  ground 
mass  is  holocrystalline,  made  up  of  very  much  decomposed  lath¬ 
shaped  plagioclase,  hornblende,  chlorite  and  magnetite  mainly.  The 
augite  has  almost  completely  disappeared  in  some  cases,  remaining 
simply  as  a  core  within  a  mass  of  green  hornblende. 

Only  one  dike,  No.  237,  has  been  studied,  which  can  be  called  dio- 
rite,  although  many  are  so  metamorphosed  that  no  augite  is  present. 
This  No.  237  is  a  very  interesting  dike  of  diorite  porphyrite.  It  is 
very  much  faulted,  and  occurs  at  various  points  along  the  entire 
Lanesville  shore.  It  has  large  crystals  of  feldspar,  several  inches  in 
length,  finely  striated  and  very  iridescent,  hence  probably  labra- 
dorite.  The  feldspar  is  extremely  decomposed  to  kaolin,  muscovite, 
calcite,  etc.  Secondary  green  hornblende  and  biotite  occur  along  the 
cracks  in  the  feldspar  and  in  bunches  throughout  the  mass. 1  The  rock 
is  undoubtedly  very  much  altered  from  its  original  state,  and  a  care¬ 
ful  study  of  it  will  be  made  and  reported  upon  later. 

There  is  considerable  quartz  and  feldspar  porphyry  among  the 
Cape  Ann  dikes.  Nos.  3,  53,  127,  135,  147,  182,  and  184  are  of  this 
character.  No.  3  has  porphyritic  crystals  of  plagioclase  and  ortho- 
clase  feldspar  and  rounded  quartz  considerably  resorbed.  The  ground 
mass  is  microgranitic,  mainly  quartz,  feldspar,  and  hornblende, 
mostly  the  very  pleochroic  blue  variety  glaucophane,  which  gives  a 
decided  blue  color  to  the  rock.  No.  53  has  porphyritic  crystals  of 
feldspar  with  distinct  outlines,  but  somewhat  decomposed.  The 
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ground  mass  is  a  confused  aggregation  of  vesicular  needles  of  brown 
hornblende,  with  clear  spaces  quite  granophyric.  This  appearance 
may  be  primary,  but  it  gives  one  the  impression  of  felsite  with  a 
glassy  or  microfelsitic  base  altered  to  this  condition. 

Nos.  127  and  135  are  more  typical  quartz  and  feldspar  porphyries. 
They  occur  as  faulted  and  very  irregular  dikes,  in  some  places,  as  at 
127,  looking  like  chimneys  cutting  the  granite.  Wherever  a  contact 
has  been  observed  between  the  diabase  dikes  and  quartz  porphyries, 
the  latter  are  found  to  be  the  older,  and  their  ragged  outline  would 
indicate  that  they  cut  the  granite  before  the  joint  planes  were  formed, 
for  they  never  follow  any  system  of  joints  and  are  often  faulted  along 
the  line  of  joint  planes.  These  dikes  have  the  usual  character  of 
quartz  porphyry.  Embayed  porphyritic  crystals  of  quartz  and  feld¬ 
spar  exist  in  a  ground  mass  of  quartz,  feldspar,  hornblende,  and 
biotite.  In  the  center  the  ground  mass  is  quite  liolocrystalline,  but 
at  the  contact  it  becomes  cryptocrystalline.  No  glass  or  microfelsite 
is  found,  although  the  structure  leads  one  to  suspect  that  these  con¬ 
ditions  once  existed,  and  that  the  present  structure  is  the  result  of 
devitrification. 

Nos.  182  and  184  are  narrow  schistose  dikes,  apparently  very  much 
altered.  They  are  fine  grained,  and  composed  of  a  mass  of  unde¬ 
composed  feldspar,  quartz,  and  blue  hornblende — glaucophane.  The 
rock  shows  signs  of  flow  structure,  and  might  be  a  gneissoid  rock  as 
well  as  a  feldspar  porphyry,  but  in  places  it  has  indistinct  porphyritic 
feldspar  crystals.  The  field  evidence  shows  that  they  are  dike  rocks 
and  the  crystals  look  like  porphyritic  feldspars  rather  than  crystals 
of  secondary  origin.  Dike  135  has  the  quartz  crystals  very  much 
faulted,  and  the  cracks  filled  with  the  ground  mass.  In  one  place 
the  graphic  granite  structure  shows.  The  extensive  cracking  of  the 
quartz  grains  seems  to  show  that  it  has  undergone  some  of  the  move¬ 
ments  which  have  jointed  the  granite.  The  joints,  too,  are  not  all 
such  as  can  be  explained  by  cooling  alone. 

No.  147,  on  Thatcher’s  Island,  is  an  interesting  dike  of  quartz  por¬ 
phyry,  which  shows  a  beautiful  spherulitic  structure.  It  has  a  cryp¬ 
tocrystalline  ground  mass  of  quartz  and  feldspar  with  porphyritic 
crystals  of  the  same.  A  more  thorough  petrographic  study  will  be 
made  of  some  of  these  dikes,  the  object  in  this  report  being  simply 
to  indicate  their  general  character. 

INFLUENCE  OF  GEOLOGICAL  STRUCTURE  UPON  THE  HEALTH 

OF  THE  DISTRICT. 

Although  the  general  position  of  Cape  Ann  should  be  favorable  to 
the  health  of  its  inhabitants,  the  vital  and  sanitary  statistics  show 
that  the  area  suffers  from  certain  classes  of  maladies,  known  as  zy¬ 
motic  diseases.  It  is  probable  that  these  evils  are  caused  in  part  at 
least  by  the  failure  to  recognize  the  important  fact  that  the  soil  of 
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this  peninsula  is  of  a  peculiar  character.  Almost  all  the  other  coast 
towns  of  New  England  are  in  the  main  underlain  by  permeable  drift, 
kames,  or  other  detritus,  containing  little  or  no  clay.  As  will  he 
seen  from  the  map,  nearly  the  whole  of  Gloucester  and  Rockport 
rest  upon  till.  Even  where  there  are  materials  affording  ready  pas¬ 
sage  to  ground  water,  the  bed  rocks  are  often  very  near  the  surface 
and  thus  the  sewage  is  unable  to  penetrate  to  any  great  depth  and 
becomes  mixed  with  the  water  of  the  wells.  At  least  three-fourths 
of  the  sources  of  domestic  water  supply  on  the  Cape  from  wells  and 
springs  are  liable  to  contamination.  I  know  no  other  equal  area  in 
Massachusetts  where  the  sources  of  potable  waters  are  in  general  so 
objectionable  as  in  these  two  towns  of  Gloucester  and  Rockport. 
Recently  the  city  of  Gloucester  has  provided  itself  with  a  system  of 
water  supply  drawn  from  a  tolerably  satisfactory  source  west  of  An- 
nisquam  River;  but  a  large  part  of  the  water  in  that  city  is  still  ob¬ 
tained  from  wells,  and  the  villages  of  Rockport,  Pigeon  Cove,  Lanes- 
ville,  Bay  View,  and  Annisquam  are  dependent  on  such  sources  of 
supply. 

It  will  be  easy  to  remedy  these  difficulties  at  a  relatively  small  cost. 
The  unsettled  region  of  the  great  moraines,  the  section  commonly 
known  as  “Dogtown  Commons,”  contains  an  area  of  several  square 
miles  of  land  which  at  present  has  very  little  value.  A  thousand 
acres  of  this  land  in  the  center  of  the  island  should  be  reserved  for 
water  supply.  This  morainal  matter  is  so  permeable  to  water  that 
wells  of  no  great  depth  placed  in  the  center  of  such  a  reservation 
would  afford  a  sufficiency  to  supply  all  the  settlements  along  the 
coast  line.  This  water  would  be  obtained  at  such  a  height  that  the 
costs  of  pumping  would  be  small.  The  land  for  such  a  source  of 
supply  could  probably  be  obtained  at  the  present  time  at  a  small 
cost,  and  the  maximum  distance  from  the  source  to  the  furthest  of 
the  shore  settlements  would  not  exceed  three  miles.  An  incidental 
advantage  arising  from  such  a  reservation  would  be  found  in  the 
fact  that  it  might  in  time  be  made  a  park  of  value  to  all  the  settle¬ 
ments  on  this  island. 
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FORMATION  OF  TRAVERTINE  AND  SILICEOUS  SINTER  BY  THE 
VEGETATION  OF  HOT  SPRINGS. 


By  Walter  Harvey  Weed. 


INTRODUCTION. 

Among  the  many  interesting  natural  phenomena  that  claim  the 
attention  of  the  visitor  to  the  Yellowstone  National  Park,  the  geysers 
and  hot  springs  rank  first  in  general  interest.  Their  novelty  and 
beauty  are  sure  to  attract  universal  admiration,  while  the  vast  quan¬ 
tities  of  hot  water  that  flow  from  the  ground  are  convincing  evidences 
of  the  nearness  of  internal  heat.  These  steaming  fountains  and  boil¬ 
ing  pools  are  usually  surrounded  by  snowy  white  borders  of  mineral 
matter  deposited  by  the  hot  waters.  At  the  Mammoth  Hot  Springs 
this  consists  of  carbonate  of  lime,  that  forms  the  unique  marble  ter¬ 
races  and  pulpit  basins  of  those  springs.  (PI.  LXXIX.)  At  the 
Geyser  basins  the  waters  deposit  silica,  that  forms  the  fretted  rims 
of  the  pools  and  the  beautifully  beaded  and  coral-like  deposits  of 
the  cones,  and  covers  large  areas  of  ground  about  the  springs  with 
a  sheet  of  white  and  glaring  sinter.  Not  only  are  the  occurrence  and ' 
the  nature  of  these  deposits  such  as  make  them  of  interest  to  every 
visitor,  but  the  problem  of  their  origin  has  proved  to  be  one  of  the 
prominent  features  in  the  scientific  investigation  of  the  hydrother¬ 
mal  phenomena  of  the  park,  as  it  has  been  found  that  such  deposits 
are  very  largely  due  to  the  growth  and  life  of  a  brilliant  colored 
algous  vegetation,  living  in  the  hot  mineral  waters. 

PLANTS  AS  ROCK-BUILDERS. 

A  review  of  the  various  geologic  agents  that  have  built  up  the 
strata  forming  the  earth’s  crust  shows  that  living  organisms  have 
taken  an  important  part  in  rock  formation.  The  abundance  of  their 
remains  in  ancient  as  well  as  the  most  recently  formed  sediments 
shows  that  the  corals  and  mollusks  of  all  periods  have  been  active 
rock-builders.  The  geological  work  executed  by  such  forms  of  animal 
life  is  therefore  quite  apparent  to  the  students  of  nature.  On  the 
contrary,  the  geological  work  of  plant  life  has  not  been  generally  rec¬ 
ognized,  partly  because  it  is  less  conspicuous,  and  partly  because 
the  absence  of  organic  remains  in  many  deposits  formed  in  this  way 
has  prevented  a  recognition  of  the  true  origin  of  the  rocks. 
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It  lias  been  proved  that  living  plants  further  geologic  change  in 
several  ways;  by  promoting  the  disintegration  and  decay  of  existing 
rocks,  by  building  up  new  rock  formations,  and,  upon  their  death,  by 
starting  a  series  of  changes  resulting  from  the  action  of  the  decay¬ 
ing  vegetable  matter  upon  various  mineral  substances.  New  forma¬ 
tions  are  built  up  by  living  plants  in  two  ways — by  the  accumulation 
of  their  plant  remains  and  by  the  chemical  reactions  resulting  from 
the  growth  and  life  of  the  plants:  in  either  case  mineral  matter  is  de¬ 
posited.  Where  the  mineral  matter  preserves  the  form  and  struct¬ 
ure  of  the  plant,  as  is  the  case  with  the  silica  forming  the  well-known 
beds  of  diatomaceous  earth,  the  origin  of  the  deposit  is  apparent,  but 
in  many  cases  no  trace  of  plant  structures  can  be  distinguished,  even 
when  thin  sections  of  rocks  that  are  undoubtedly  formed  by  plants 
are  seen  under  the  microscope.  This  is  true  of  some  marine  lime¬ 
stones  formed  by  calcareous  algse,  and  is  especially  true  of  several 
classes  of  deposits  heretofore  considered  to  have  a  purely  chemical 
origin,  such  as  travertine,  siliceous  sinter,  certain  gypsums  and 
iron  ores.  In  such  cases  it  is  only  by  a  careful  study  of  the  actual 
process  of  formation  of  the  deposits  that  we  can  tell  with  certainty 
their  true  manner  of  formation.  This  has  been  done  in  the  case  of 
the  deposits  formed  about  the  hot  springs  and  geysers  of  the  Yellow¬ 
stone  Park,  and  it  is  the  purpose  of  the  present  paper  to  show  the 
origin  and  manner  of  formation  of  these  interesting  mineral  deposits. 

VEGETATION  OF  HOT  WATERS. 

The  presence  of  organic  life  in  highly  heated  mineral  waters  is  a 
subject  of  considerable  interest  not  only  to  students  of  biology,  but 
to  geological  observers  as  well.  It  shows  the  development  of  life 
under  very  adverse  conditions  of  temperature,  and  affords  an  oppor¬ 
tunity  for  the  study  of  the  modifying  effect  of  high  temperatures 
and  chemical  solutions  upon  forms  found  also  in  ordinary  surface 
waters.  The  ability  of  life  to  withstand  such  extreme  conditions 
shows  the  possible  existence  of  such  forms  in  the  early  history  of 
the  earth,  when  the  crust  is  supposed  to  have  been  covered  by  highly 
heated  mineralized  water.  Thus  far  this  subject  has  received  but 
little  attention,  and  the  data  accessible  are  meager  and  unsatisfac¬ 
tory,  this  being  especially  true  of  the  animal  life  of  hot  waters. 

The  vegetation  of  hot  springs  consists  entirely  of  various  species 
of  fresh  water  algse,  flowerless  cryptogamic  plants,  closely  related 
to  the  salt  water  algse  or  sea- weeds.  The  fresh  water  species  are 
less  striking  and  varied  than  the  marine  growths,  and  are  generally 
composed  of  green  thread-like  structures  of  more  or  less  slimy  con¬ 
sistency.  1  It  is  well  known  that  algse  are  abundant  in  the  hot  waters 
of  many  and  widely  separated  localities,  for,  in  the  various  works  of 


1  Phycology:  Prof.  Farlow,  in  Johnson’s  Encyclopedia. 
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travel  and  exploration  in  which,  the  occurrence  of  hot  springs  has 
been  described,  mention  is  frequently  made  of  bright  green  confervse 
living  in  the  hot  pools  and  streams.  Where  the  plants  present  in 
thermal  waters  are  of  this  color  their  vegetable  nature  seems  to  have 
been  readily  recognized,  but  there  is  reason  to  believe  that  the  exist¬ 
ence  of  algae  of  other  colors,  such  as  the  red  and  yellow  species  com¬ 
mon  in  the  Yellowstone  springs,  has  generally  been  overlooked  or 
the  growth  mistaken  for  mineral  matter.  This  is  not  surprising,  as- 
the  plants  are  often  incrusted  and  hidden  by  mineral  material  de¬ 
posited  by  the  hot  water,  and  the  organic  nature  of  the  substance  is 
often  scarcely  recognizable  even  by  botanists.  Thus  in  sulphur 
waters  the  algae  are  very  generally  incrusted  by  grains  of  sulphur,  or 
are  inclosed  in  gypsum,  while  the  vegetation  of  calcareous  springs 
is  often  buried  in  travertine  deposited  by  ther  water,  only  the  grow¬ 
ing  tips  of  the  plants  being  free.  Similarly,  the  threads  of  algae  liv¬ 
ing  in  ferruginous  waters  are  incrusted  by  oxide  of  iron,  while  in 
siliceous  waters  such  growths  are  inclosed  in  gelatinous  silica. 

In  reviewing  the  literature  of  this  subject,  vegetation  is  found  to 
be  a  common  accompaniment  of  thermal  springs  in  all  parts  of  the 
world,  but,  although  the  presence  of  these  hot-water  growths  has 
been  recognized,  the  conditions  under  which  they  exist  are  rarely 
given  and  the  plants  themselves  have  been  studied  and  identified  at 
very  few  localities.  Of  these  the  foremost  is  Carlsbad,  Bohemia. 
Its  hot  springs  have  long  been  noted  for  their  curative  properties, 
and  thus  they  attracted  the  attention  of  scientific  men  at  an  early 
date.  In  1827,  Agardth  described  the  algous  growths  of  these  ther¬ 
mal  waters,1  and  the  botanist  Corda2  figured  and  described  species 
from  these  springs  in  1835.  Schwabe  published  a  paper  in  1837 3  in 
which  he  describes  the  occurrence  of  the  algse,  giving  the  tempera¬ 
tures  at  which  the  different  species  were  found,  besides  figuring  and 
describing  the  plants  themselves.  The  most  important  paper,  from 
a  geological  stand-point,  is,  however,  that  published  by  Prof.  Ferd. 
Cohn  in  1862, 4 *  in  which  the  physiological  action  of  the  plant  life  is 
shown  to  cause  the  deposition  of  travertine  by  the  hot  waters. 

Algse  from  the  hot  springs  of  Italy  were  described  by  Meneghine 6 
in  1842,  and  Ehrenberg  says6  that  algse  occur  in  the  hot  springs  of 
Ischia  at  174°  F.  to  185°  F.  Hoppe  Seyler7  found  similar  vegetation 
in  the  hot  waters  of  Lipari  at  127°  F.  The  writings  of  Kutzing 
mention  a  number  of  species  from  European  hot  springs,  and  other 
localities  are  given  by  Rubenhart. 8 

The  hot  springs  and  geysers  of  Iceland  have  been  famous  for 
many  centuries,  but  a  careful  examination  of  the  writings  of  the 

1  Flora,  1827.  6  Monographia  Nostocliinarum  Italica- 

2 Almanacli  de  Carlsbad,  1835-’36.  rum:  Turin,  1842. 

3Linnasa,  1837.  6  Sachs  in  Flora,  1864. 

4Abhandl.  Schles.  Gesell.  Naturwiss.,  1  Pflugers  Archiv,  1875. 

Heft  2,  1862.  8  Flora  Aquas  Dalcis. 
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numerous  travelers  who  have  visited  and  described  them  shows 
that  only  three  authors  have  mentioned  the  presence  of  algous  vege¬ 
tation  in  the  hot  waters.  Sir  William  Hooker,1  who  visited  Iceland 
in  1809,  found  confervse  at  the  borders  of  many  of  the  hot  springs, 
where  the  plants  were  exposed  to  the  steam  and  heat  of  the  boiling 
water.  Confervas  limosa  Dillw.  was  found  in  abundance,  forming 
large  dark-green  patches  attached  to  a  coarse  white  clay,  from  which 
it  could  be  easily  peeled  off.  A  brick-red  confervse,  an  Oscillatoria, 
occurred  in  a  similar  way,  forming  large  patches  several  inches 
square.  Conferred  flavescens  Roth,  and  a  species  allied  to  C.  rivu- 
laris,  were  abundant  in  water  of  a  very  great  degree  of  heat. 

Baring-Gould,  who  visited  the  geysers  in  1864,  found  a  crimson 
algae  growing  in  the  spray  and  overflow  of  the  spring  Tunguhver.1 
He  collected  specimens,  which  were  examined  by  Rev.  J.  M.  Berk¬ 
ley,  who  referred  them  to  the  genus  Hypheothrix,  common  in  hot 
waters  all  over  the  world.  Lauder  Lindsay  found  two  kinds  of  con- 
fervae  in  the  springs  of  Laugarnes,  Iceland,  in  water  so  hot  that  an 
egg  was  boiled  in  it  in  four  to  five  minutes.* 3 

In  Hew  Zealand  the  presence  of  algae  in  the  hot  springs  on  the 
south  shore  of  Lake  Taupo  was  first  noted  by  Hochstetter,  who 
says 4 *  the  dark  emerald-green  growth  covered  the  ground  where  the 
warm  water  flowed.  The  specimens  collected  by  him  are  described 
in  the  Botany  of  the  Ho  vara  Expedition. 

Algae  from  these  springs  are  also  described  by  W.  I.  Spenser,6 
the  highest  temperature  of  the  water  in  which  they  were  found  be¬ 
ing  136°  F.  Hochstetter  says  the  temperature  of  the  springs  varies 
between  125°  F.  and  153°  F. 

Dr.  S.  Berggren,  of  Lund,  Sweden,  visited  the  hot  spring  district 
of  Hew  Zealand  in  1874,  and  collected  an  extensive  series  of  speci¬ 
mens  of  the  algae  of  the  region.  He  states6  that  the  algae,  espe¬ 
cially  Phycochromacece,  but  likewise  Confervacece  and  Zygnem- 
acece,  are  to  be  found  growing  in  great  abundance  in  the  rivulets 
from  the  hot  springs. 

These  specimens  have  been  studied  by  Dr.  Otto  Hordstedt,  whose 
determinations  show  that  the  species  are  chiefly  those  common  in 
hot  waters  in  other  parts  of  the  world,  and  that  several  species  occur 
both  in  hot  and  cold  waters. 

Thick  masses  of  slimy  confervoid  plants  line  the  bottom  of  a  large 
pool,  Tapui  Te  Koutu,  at  Rotorua,  Hew  Zealand,  where  the  usual 
temperature  is  90°  to  100°  F.,  but  is  180°  with  a  north  or  east  wind.7 

’Journal  of  a  Tour  in  Iceland,  vol.  1,  p.  160. 

3  Iceland  :  Its  Scenes  and  Sagas. 

3Bot.  Zeitung,  1861,  p.  359. 

4Reise  der  Oe.  Fregatta  Novara :  Geol.,  vol.  1,  pt.  1,  p.  126. 

6 Trans.  New  Zealand  Inst.,  vol.  15,  p.  302. 

6Kongl.  Sv.  Vet.  Akademiens  Handlingar,  Band  22,  no.  8,  p.  5. 

1  Skey.  Mineral  Waters  of  New-  Zealand  •  Trans.  New  Zealand  Inst.,  vol.  10,  p.  433. 
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At  the  Azores,  Mr.  Mosely,  naturalist  on  the  Challenger  expedi¬ 
tion,  found  algae  growing  about  the  hot  springs  of  Furnas  Lake, 
island  of  St.  Michael.1  The  algae  occur  on  areas  splashed  by  the 
hot  sulphurous  waters,  forming  a  pale,  yellowish-green  layer  an  inch 
and  a  half  thick.  The  color  is  most  intense  in  the  inner  layers  of 
the  growth.  This  gelatinous  vegetable  matter  occurs  mingled  with 
a  gray  earthy  material  in  successive  layers.  The  temperature  of  the 
water  was  176°  F.  to  194°  F.  A  thick  brilliant  green  deposit,  con¬ 
sisting  of  Chroococcus,  was  found  at  the  edge  of  a  shallow  pool  of 
hot  water  whose  temperature  was  between  149°  F.  and  15(3°  F.  Speci¬ 
mens  were  also  collected  from  a  swamp  of  hot  mud  in  which,  beside 
algae,  a  rush  ( Juncus )  was  found  growing.  The  temperatures  given 
by  Mr.  Mosely  are  all  estimated,  but  are  probably  correct  within  the 
limits  stated.  The  specimens  obtained  from  these  springs  were  ex¬ 
amined  by  Mr.  W.  Archer,  and  the  result  of  his  study  published  in 
a  paper 2  which  is  mainly  botanical,  but  is  interesting  in  this  con¬ 
nection  as  showing  the  identity  of  many  of  the  species  from  the 
hot  waters  of  the  Azores,  with  species  common  in  the  cold  waters  of 
Great  Britain. 

In  the  narrative  of  the  voyage  of  the  Challenger,  Mr.  Mosely  de¬ 
scribes  the  occurrence  of  similar  hot-water  growths  at  the  Banda 
Islands  and  at  the  new  volcano  of  Camiguin.  At  the  first  locality 
gelatinous  masses  of  algse  resembling  those  growing  in  the  Azores 
hot  springs  were  found  around  the  mouths  of  fissures  from  which 
jets  of  steam  issued,  the  only  water  present  being  that  supplied  by 
the  condensation  of  the  vapor.  This  sulphurous  steam  had  a  tem¬ 
perature  of  250°  F.  within  the  fissure,  and  the  thermometer  stood  at 
140°  where  the  algse  flourished.  In  some  places  the  algse  and  a  white 
mineral  incrustation  formed  alternating  layers.3 

At  the  base  of  the  new  volcano  of  Camiguin  two  hot  streams  were 
full  of  algse.  No  vegetation  was  found  in  hot  water  where  the  tem¬ 
perature  exceeded  145°.  2  F.,  but  in  the  stream-bed  green  patches  oc¬ 
curred  on  stones  projecting  above  the  surface.  As  the  water  of  this 
stream  became  cooler,  a  few  yards  farther  down,  algse  were  found 
growing  in  the  middle  of  the  channel  at  113°. 5  F.  “This,”  says  Mr. 
Mosely,  “seems  to  be  the  limiting  temperature  for  this  particular 
algse  in  this  water.”  Where  the  temperature  of  the  stream  was  122° 
F.  it  fed  a  little  side  pool  where  algse  were  growing  at  a  temperature 
of  101°. 5  F.4 

Dr.'  Hooker  found  a'gse  in  the  hot  springs  of  the  Himalayas  at 
several  localities. 1  At  Soorujkoond  or  Belcuppec  (in  the  Behar  Hills) 


1  Journ.  Linn.  Soc.  (Bot.),  vol.  14,  1875,  p.  321.  - 

2 Ibid.,  p.  328. 

3  Voyage  of  H.  M.  S.  Challenger :  Narr.,  vol.  1,  part  I,  p.  563. 

4  Ibid,  p.  654. 
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brown  and  green  algse  were  found  forming  broad,  luxuriant  strata 
where  the  temperature  did  not  exceed  168°  F.,  the  growth  thriving 
until  the  water  had  cooled  down  to  90°  F,  The  brown  algse  were 
found  in  deeper  and  hotter  water  than  the  green.  In  an  appendix, 
Rev.  J.  M.  Berkley,  writing  about  the  specimens  collected  from  these 
springs,  says  a  Leptothrix  occurs  from  80°  F.  to  158°  F.,  an  imperfect 
Zygnema  between  84°  F.  and  112°  F.1 2  The  same  writer  also  describes 
specimens  collected  by  Dr.  Hooker  from  the  hot  springs  of  Momay 
at  110°  F  ,  and  from  Pugha,  Thibet,  in  springs  having  a  temperature 
of  174°  F.3 

Green  algous  growths  were  observe  1  by  Prof.  J.  D.  Dana  in  the 
hot  springs  of  Luzon  at  160°  F.,4 5  and  similar  vegetation  was  found 
in  the  Celebes  hot  springs  in  waters  of  123°.  8  F.  and  170°  F.  by  Prof. 
A.  S.  Bickmore. 3  Green  algous  vegetation  was  also  noted  in  many 
Japanese  hot  springs  by  Benj.  Smith  Lyman.6  Cushion-shaped 
masses  of  slippery  gelatinous  vegetation — Oscillator ia  labyrinthi- 
formis  Ach. — were  found  by  Junghuhn  in  the  hot  springs  of  Java 7  at 
150°  F.,  and  a  species  of  Oscillaria  was  found  associated  with  a  milk 
white  precipitate  of  sulphate  of  lime  at  Tji-Panas. 

In  the  United  States  algae  have  been  found  in  hot  springs  at  many 
localities.  Red,  white,  and  green  growths  occurring  in  the  warm 
sulphur  springs  of  Virginia  have  given  rise  to  the  names  of  many  of 
these  famous  resorts. 8  At  the  hot  springs  of  Arkansas  green  cryp- 
togamic  vegetation  occurs  in  water  having  a  temperature  of  140°  F., 
and  a  species  from  this  place  is  described  by  Kiitzing.9 

At  the  so-called  “  geysers”  of  Pluton  Creek,  California,  green  algae 
occur  in  the  hot  acid  water  in  great  abundance.  Prof.  W.  H. 
Brewer  found  that  the  highest  temperature  noted  at  which  the  plants 
were  growing  was  200°  F.,  but  they  were  most  abundant  in  waters 
of  125°  F.  to  140°  F.  The  growth  in  the  hottest  waters  was  appar¬ 
ently  of  the  simplest  kind,  and  composed  of  simple  bright-green  cells. 
Where  the  water  had  cooled  to  140°  F.  to  149°  F„,  bright-green  fila¬ 
mentous  confervae  formed  in  considerable  masses.  Similar  growths 
formed  coatings  on  the  soil  about  steam-jets,  and  were  alternately 
exposed  to  very  hot  steam  and  cooler  air.  In  a  specimen  collected 
from  water  having  a  temperature  of  130°  F. ,  Mr.  A.  M.  Edwards,  of 

1  Himalayan  Travels  :  Jos.  Dalton  Hooker,  vol.  1,  pp.  27,  379. 

2  The  temperatures  given  by  Mr.  Berkley  are  10°  lower  than  those  given  by 
Hooker. 

3  Loc.  cit.,  p.  379. 

1  Manual  of  Geology,  by  Jas.  D.  Dana:  3d  ed.,  1880,  p.  G12. 

5  Travels  in  East  Indian  Archipelago. 

6  Prelim.  Reports,  Geol.  Surv.,  Japan,  1874,  1877,  1879. 

1  Java,  Seine  Gestalt,  Fr.  Junghuhn  :  vol.  2,  pp.  864,  866,  868,  870,  873. 

8  Geology  of  the  Virginias,  W.  B.  Rogers,  pp.  107,  589. 

9  Species  Algarum. 
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New  York,  is  said  to  have  found  animal  as  well  as  vegetable  organ¬ 
isms.  Professor  Brewer  also  states  that  in  the  hot  siliceous  waters 
of  Steam-boat  Springs,  Nevada,  there  is  an  abundant  confer  void 
vegetation  in  the  gelatinous  mass  formed  where  the  water  spreads 
out  over  the  surface.  This  was  most  plentiful  where  the  tempera¬ 
ture  was  about  100°  F.  The  most  interesting  feature  of  this  occur¬ 
rence  is  the  abundant  vegetation  in  the  gelatinous  silica/  Mr. 
James  Blake  found  diatoms  in  water  having  a  temperature  of  163° 
F.  at  the  Pueblo  Hot  Springs,  Nevada/  The  algse  growing  in  the 
Benton  Spring,  Owen’s  Valley,  California,  are  described  by  Mrs.  Partz 
as  representing  three  forms.  The  first  is  developed  in  the  basin  of  the 
spring  at  a  temperature  of  124°  F.  to  135°  F.,  the  temperature  of  the 
water  at  the  point  of  issue  being  160°  F.  In  the  warm  creek  formed 
by  the  overflow  of  the  spring  the  algte  form  waving  fibers  two  feet 
long,  at  temperatures  between  110°  F.  and  120°  F.  Below  100°  F. 
these  plants  cease  to  grow,  but  a  briglit-green,  slimy  fungus  occurs, 
disappearing  as  the  temperature  decreases.  Dr.  H.  C.  Wood  gives 
technical  descriptions  of  these  plants,1 * 3  and  says  the  forms  develope 
at  the  highest  temperatures  are  immature.  The  presence  of  green 
confervoid  vegetation  in  many  other  hot  springs  has  been  noted  by 
various  writers,  but  no  description  has  been  given  either  of  the 
plants  themselves  or  of  the  temperature  and  other  conditions  gov¬ 
erning  their  occurrence. 

In  the  hot  springs  of  the  Yellowstone  National  Park  no  plant  life 
has  been  found  at  a  temperature  exceeding  185°  F.,  but  at  tempera¬ 
tures  between  90°  F.  and  185°  F.  algous  growths  are  generally  pres¬ 
ent.  In  the  reports  of  the  Hayden  Survey  for  1871  and  1872  there 
are  several  references  to  the  presence  of  vegetation  in  the  hot  waters. 
At  the  Mammoth  Hot  Springs,  Dr.  F.  V.  Hayden  observed  the 
occurrence  of  pale  yellow  filaments  about  the  springs  and  the  green 
confervoid  vegetation  of  the  waters,  as  well  as  the  presence  of  di¬ 
atoms  in  the  basins  of  the  main  springs,  two  species  of  the  latter, 
Palmella  and  Oscillaria,  being  recognized  by  D.  Billings.4 *  Green 
vegetation  was  also  noted  in  the  hot  waters  of  the  Washburne,  Peli¬ 
can,  and  Terrace  Springs,  and  at  the  Lower  Geyser  Basin.6  The 
brown  leathery  lining  of  the  springs  of  the  Lower  Geyser  Basin  of 
the  Fireliole  River  was  thought  by  Dr.  Hayden  to  be  an  aggrega¬ 
tion  of  diatoms  covered  with  iron  oxide.6  In  1872  Prof.  F.  H. 
Bradley  recognized  the  presence  of  vegetation  in  the  hot  springs  of 
the  park,  and  writing  of  the  hot  waters  of  the  Geyser  Basins,  says 

1  Amer.  Jour.  Sci.,  2d  series,  vol.  41,  p.  891. 

3  Manual  of  Geology,  by  James  D.  Dana,  3d  ed.,  1880,  p.  611. 

3 Amer.  Jour.  Sci.,  2d  series,  vol.  46,  p.  31. 

4  Ann.  Rept.  U.  S.  Geol.  and  Geogr.  Survey  of  the  Territories  for  1871,  pp.  69,70. 

6Loc.  cit.,  p.  136,  and  1872  report,  p.  55. 

6Loc.  cit.,  1871,  p.  105. 
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that  there  are  gelatinous  forms  allied  to  mycelium,  or  mother  of 
vinegar,  in  nearly  all  the  pools,  except  where  the  ebullition  is  so 
strong  as  to  break  up  such  tender  tissues.  This  material  occurred  in 
broad,  thick  sheets  of  green  or  rusty  brown,  in  thick,  branching 
forms,  resembling  sponges,  or  in  long  waving  white  fibers.1  In  the 
mucilaginous  deposit  on  the  side  of  a  spring  at  the  Lower  Geyser 
Basin  Dr.  Josiali  Curtis  found  skeletons  of  diatoms,  but  no  living 
ones.  Professor  Bradley  said  the  colors  striping  the  mound  of  the 
Solitary  (Lone  Star)  Geyser  are  due  to  purely  vegetable  material. 
His  assistant,  Mr.  Taggart,  reported  leafy  vegetation  in  springs  of 
120°  or  less  at  Lewis  Lake,  where  the  springs  of  higher  temperature 
contained  pulpy  masses  of  a  fungoid  growth  common  about  the  hot 
springs  of  the  Geyser  Basins.2  The  botanist  of  the  expedition, 
Prof.  John  Coulter,  says  in  his  report  that  algae  were  discovered 
growing  in  some  of  the  hot  springs.  He  collected  orange-colored 
confervoid  specimens  from  the  waters  of  the  Lower  Geyser  Basin 
which  were  identified  by  Charles  H.  Peck  as  Conferva  auranticaf 
Prof.  Theodore  Comstock,  who  visited  the  park  with  the  Jones  ex. 
pedition  in  1873,  records  the  presence  of  green  confervae  in  the  Green 
Spring,  Pelican  Creek,  at  104°  F.,  and  similar  growths  were  found 
at  Turbid  Lake,  Mammoth  Hot  Springs,  Excelsior  Geyser,  Sapphire 
Springs,  and  the  Lake  Shore  Hot  Springs.4  The  same  observer 
noticed  the  silken  yellow  filaments  at  the  Mammoth  Hot  Springs, 
and  supposed  the  abundant  “  colloid  matter”  of  the  springs  to 
originate  from  organic  matter  contained  in  the  water,  the  forms 
being  produced  by  the  rising  or  buoyancy  of  bubbles  of  carbonic 
acid  gas.5  Dr.  C.  C.  Parry,  botanist  of  this  expedition,  noticed  the 
presence  of  alga;  in  the  hot  springs  of  the  park,  and  says  they  will 
reward  special  research.6 

The  report  of  Dr.  A.  C.  Peale  upon  the  thermal  springs  of  the 
Yellowstone  National  Park7  contains  but  little  about  the  vegetation 
of  the  Park  hot  springs.  Under  the  heading,  “  Life  in  Hot  Springs,” 
he  says : 

At  numerous  places  in  all  the  geyser  areas  and  at  Gardiner’s  River  masses  of 
gelatinous  material  of  greenish-red,  yellow,  and  brown  colors  are  noticed,  and  usu¬ 
ally  have  been  considered  of  organic  origin.  In  most  cases  where  microscopical 
examination  has  been  made  no  trace  of  vegetable  organization  lias  been  noted,  and 
in  regions  where  the  springs  are  siliceous  this  curious  material  is  probably  that  form 
of  gelatinous  silica  described  in  another  place  as  viandite.  In  some  springs  of  very 
low  temperature  a  brown,  leathery-looking  material  is  found  lining  the  basins.  It 

'Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  of  the  Territories  for  1872,  pp.  207,  231. 

2Loc.  cit.,  1872,  p.  250. 

3Loc.  cit.,  p.  752. 

4 Report  of  Reconn.  N.W.  Wyoming  in  1873,  by  Capt.  Wm.  Jones,  U.  S.  War 
Dept.,  pp.  190,  194,  210,  228,  231,  238. 

5Loc.  cit.,  p.  207. 

6  Amer.  Naturalist,  1874,  p.  178. 

, Final  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr.,  1878,  vol.  2,  p.  359. 
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becomes  hard  upon  drying,  but  has  not  as  yet  been  examined  microscopically  or 
chemically,  so  that  its  nature  is  unknown,  but  in  all  probability  it  is  one  of  the 
forms  of  silica  rather  than  an  organic  material. 

This  evidently  represents  the  views  of  Dr.  Peale  and  his  colleagues 
regarding  the  nature  of  the  algous  growths  of  the  Park  hot  springs 
at  the  time  this  report  was  prepared. 

This  review  of  the  literature  of  the  subject  shows  how  few  occur¬ 
rences  of  hot-spring  vegetation  have  as  yet  been  carefully  observed 
and  described.  In  the  cases  noted,  naturalists  have  generally  given 
the  temperature  of  the  water  in  which  the  plants  were  found,  and 
the  specimens  collected  have  been  studied  from  a  purely  botanical 
point  of  view,  but  with  the  notable  exception  of  Prof.  Ferd.  Cohn, 
observers  have  entirely  overlooked  the  geological  work  of  the  lowly 
organized  plants  and  the  part  they  take  in  the  production  of  hot- 
spring  deposits. 

These  hot- water  growths,  like  all  fresh- water  algse,  are  more 
*  widely  distributed  than  any  other  plants  save  those  peculiar  to 
brackish  waters.  This  is  shown  by  the  occurrence  of  algous  vegeta¬ 
tion  in  the  hot  springs  of  such  widely  separated  localities  as  Iceland, 
the  Azores,  New  Zealand,  Japan,  and  the  United  States.  A  com¬ 
parison  of  the  species  shows  that  the  flora  is  very  uniform  in  char¬ 
acter,  being  limited  to  a  few  groups  and  the  species  themselves  being 
identical  to  a  great  extent. 

Perhaps  the  most  interesting  feature  connected  with  the  life  of 
these  algse  is  their  tolerance  of  a  high  degree  of  heat.  The  extreme 
temperature  at  which  vegetation  has  been  observed  is  200°  F.,  re¬ 
corded  by  Prof.  W.  H.  Brewer  at  the  California  “Geysers.”  On 
the  island  of  Ischia,  near  Naples,  no  algse  were  found  in  hot  waters 
above  185°  F.,  which  accords  with  the  observations  made  in  the  Yel¬ 
lowstone  National  Park.  At  other  places  these  growths  have  not 
been  found  at  such  high  temperatures.  Dr.  J.  D.  Hooker  found  the 
limit  to  be  168°  F.  in  the  Himalayan  springs,  and  Prof.  Ferd.  Cohn 
says  no  growths  are  present  in  the  Carlsbad  waters,  where  the  tem¬ 
perature  exceeds  44°  R.  (131°  F.).  As  regards  the  effect  of  the 
chemical  substances  dissolved  in  the  water  there  is  but  little  known, 
but  vegetation  has  been  found  in  all  varieties  of  water,  sulphurous, 
calcareous,  acid,  and  alkaline,  and  so  far  as  observed  the  amount  of 
material  held  in  solution  does  not  affect  the  growth.  Certain  species, 
however,  are  known  to  be  peculiar  to  particular  waters.  Thus  the 
Beggiatoce  form  the  characteristic  vegetation  of  sulphur  springs, 
and  Gaillionaz  are  found  in  iron-bearing  waters.  The  adapta¬ 
bility  of  particular  algse  to  extreme  conditions  of  environment  is 
shown  by  the  occurrence  of  the  same  species  in  the  highly  heated 
sulphurous-siliceous  waters  of  the  Azores  and  the  cold  surface  waters 
of  Great  Britain. 

Altitude  is  not  known  to  affect  the  growths,  and  algse  are  found 
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in  Iceland  but  a  few  hundred  feet  above  sea  level,  in  the  Yellow- 
•  stone  National  Park  at  7,500  feet,  and  in  the  Himalayas  at  an  eleva¬ 
tion  of  17,000  feet. 

HOT  SPRINGS  OF  THE  YELLOWSTONE  NATIONAL  PARK. 

Regions  of  solfataric  activity  have  always  been  of  peculiar  inter¬ 
est  to  scientific  observers,  not  only  on  account  of  the  curious  and  often 
extremely  beautiful  hot  springs  and  the  rarer  occurrence  of  geysers 
in  such  districts,  but  also  from  the  varied  phenomena  of  rock  decom¬ 
position  and  of  mineral  formation  and  deposition  which  always 
accompany  such  hydrothermal  action.  It  is  in  these  natural  labora¬ 
tories  that  we  are  permitted  to  see  in  operation  processes  which  have 
produced  important  changes  in  the  rocks  of  the  earth’s  crust  and 
afford  a  key  to  many  of  the  problems  of  chemical  geology. 

There  is  perhaps  no  other  district  in  the  world  where  hydrother¬ 
mal  action  is  as  prominent  or  as  extensive  as  it  is  in  the  Yellowstone 
National  Park.  In  this  area  of  about  3,500  square  miles,  over  3,600 
hot  springs  and  100  geysers  have  been  visited  and  their  features 
noted,  and  there  are  also  almost  innumerable  steam  vents.  With  few 
exceptions  the  hot  waters  are  siliceous,  and  rise  through  the  acidic 
lavas  of  the  park,  and  it  is  probable  that  it  is  owing  to  this  fact  that 
the  deposits  formed  by  the  hot  waters  do  not  differ  more  in  charac¬ 
ter.  The  facts  upon  which  this  paper  is  based  have  been  obtained 
in  the  course  of  a  series  of  comparative  observations  carried  on  by 
the  writer  for  the  past  six  years  at  the  different  hot-spring  areas  of 
the  Park,  under  the  direction  of  Mr.  Arnold  Hague,  geologist  in 
charge  of  the  Geological  Survey  of  the  Yellowstone  National  Park. 

THE  MAMMOTH  HOT  SPRINGS. 

Although  the  Y ellowstone  Park  abounds  in  hot  springs,  calcareous 
hot  waters  are  extremely  rare,  and  but  one  locality  is  known  where 
such  springs  have  formed  deposits  of  travertine,  or  calcareous  tufa, 
of  any  considerable  extent.  This  is  the  Mammoth  Hot  Springs.  At 
this  place  the  heated  waters  rising  through  Mesozoic  limestone  reach 
the  surface  heavily  charged  with  carbonate  of  lime  in  solution,  which 
is  deposited  by  the  hot  waters  in  the  form  of  travertine,  affording  an 
excellent  opportunity  for  a  study  of  the  formation  of  this  mineral. 

Calcareous  hot  waters  are  not  rare  in  nature,  but  are  found  in 
many  parts  of  the  world,  and  are  usually  surrounded  by  deposits 
of  travertine  often  of  considerable  extent;  yet  there  are  few  places 
where  such  deposits  equal  those  of  the  Mammoth  Hot  Springs  in  mag¬ 
nitude,  and  none  exceeding  them  in  beauty.  The  travertine  deposits 
of  Hierapolis  in  Asia  Minor,  famous  for  its  hot  waters  in  the  time 
of  the  Emperor  Constantine,  form  a  white  bill  whose  slopes  are  orna¬ 
mented  with  basins  resembling  those  of  the  Marble  Terrace  of  the 
Mammoth  Hot  Springs,  and  the  springs  of  the  Hammon  Meschoutin, 
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in  Algeria,  have  built  up  cones  .and  ridges  which  are  the  duplicate 
of  those  found  on  the  terraces  of  our  own  locality. 

GEOLOGICAL  RELATIONS. 

The  Mammoth  Hot  Springs  form  the  most  northern  of  the  numer¬ 
ous  hot-spring  areas  of  the  Park,  being  situated  in  the  northwest 
corner  of  the  reservation,  three-quarters  of  a  mile  south  of  the  forty- 
fifth  parallel,  which  forms  the  Montana- Wyoming  boundary.  As  it 
is  but  seven  miles  from  the  terminus  of  the  railroad  it  forms  the  first 
stopping  place  of  the  traveler  who  enters  the  Park  from  the  north, 
and  it  is  the  most  accessible  of  the  many  points  of  interest  in  this 
region.  The  situation  is  extremely  picturesque  ;  the  dark  and  lofty 
summit  of  Sepulchre  Mountain  rising  near  by  on  the  north,  while  the 
upper  valley  of  the  Yellowstone  and  the  sharp  peaks  of  the  Snowy 
Range  are  seen  at  the  northeast,  between  the  slopes  of  Sepulchre 
and  the  long  mural  face  of  Mount  Evarts.  In  the  southeast  the  eye 
dwells  pleasingly  upon  the  distant  view  of  the  ravine  of  Lava  Creek 
and  Undine  Falls,  with  many  snow-flecked  peaks  in  the  far  distance. 
Bunsen  Peak  rises  abruptly  in  the  south,  its  dark  slopes  forming  a 
pleasing  background  to  the  white  mass  of  hot-spring  deposit  when 
seen  from  the  north.  This  deposit  fills  an  ancient  ravine  lying  be¬ 
tween  Terrace  Mountain  and  Sentinel  Butte,  the  grassy  slopes  of  the 
latter  showing  exposures  of  Jurassic  and  Cretaceous  limestones 
carved  into  well-defined  benches  by  glacial  action.  Immediately 
south  of  the  travertine  terraces  the  sedimentary  strata  are  covered 
by  rhyolite,  the  northern  extension  of  the  great  lava  flows  which  fill 
the  ancient  basin  of  the  Park.  Near  the  Gardiner  River,  Cretaceous 
sandstones  form  small  ridges,  dividing  the  travertine  sheet  into 
three  tongues  ;  these  beds  dip  steeply  eastward,  passing  beneath  the 
strata  forming  the  face  of  Mount  Evarts. 

TRAVERTINE  DEPOSITS. 

The  total  area  covered  by  the  travertine  is  about  two  square  miles, 
including  the  beds  of  preglacial  age  which  form  -the  summit  of  Ter¬ 
race  Mountain.  The  greatest  thickness  is  probably  about  two  hun¬ 
dred  and  fifty  feet,  but  the  average  is  very  much  less.  The  upper 
limit  of  the  deposit,  forming  the  terraces  and  filling  the  ravine,  is 
about  1,400  feet  above  the  Gardiner  River  and  7,100  feet  above  sea 
level ;  the  travertine  extends  from  this  terrace  down  to  the  river, 
forming  a  continuous  covering  of  varying  width  and  thickness.  It 
is  impossible  to  measure  the  volume  of  the  deposit  as  the  thickness 
is  variable,  and  the  contour  of  the  underlying  surface  can  be  con¬ 
jectured  only  by  the  relation  of  the  neighboring  slopes. 

The  usual  approach  to  the  Mammoth  Hot  Springs  from  the  rail¬ 
road  is  over  the  road  leading  up  the  picturesque  gorge  of  the  Gar¬ 
diner  to  the  foot  of  the  terraces.  Recrossing  this  stream  near  its 
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junction  with  the  Hot  River,  the  road  gradually  ascends  to  the  flat 
or  terrace  on  which  the  hotels  stand,  500  feet  above  the  river.  The 
road  is  built  upon  the  hot-spring  deposit,  hidden  on  the  lower  slopes 
by  drift  and  soil  but  exposed  during  the  last  200  feet  of  the  ascent, 
where  many  well-preserved  basins  may  be  seen  on  the  pine  and 
cedar  covered  slopes. 

When  first  seen  the  main  mass  of  the  recent  deposit  is  striking 
from  its  whiteness,  resembling  an  immense  snow-bank,  filling  a  nar¬ 
row  valley  whose  pine-clad  sides  are  in  strong  contrast  to  the  white 
travertine.  It  has  been  compared  by  Prof.  Arch.  Geikie  to  the  ter¬ 
minal  front  of  a  glacier,  and  by  other  writers  to  a  foaming  cascade 
suddenly  turned  into  stone.  Streaks  and  patches  of  red,  yellow, 
and  green  seen  upon  tliese  white  slopes  mark  the  course  of  the  over¬ 
flowing  waters,  and  clouds  of  steam  float  lightly  upward  from  the 
springs  of  the  main  terrace  and  vanish  in  mid-air.  There  are  in  all 
eight  well-defined  benches  or  terraces  formed  by  the  travertine,  each 
with  a  more  or  less  level  surface,  and  terminated  by  steep  slopes 
leading  to  the  terrace  below.  The  largest  of  these  flats  is  the  Hotel 
terrace,  which  is  83  acres  in  extent.  This  possesses  several  features 
of  interest.  These  are  usually  overlooked  in  the  desire  to  see  the 
greater  wonders  and  beauties  of  the  upper  terraces,  but  one  can 
scarcely  fail  to  notice  the  Liberty  Cap,  a  pillar  43  feet  in  height 
with  sphinx-like  profile,  the  cone  of  a  hot  spring  long  extinct.  This 
cone  and  its  companion,  the  Thumb,  with  the  immense  empty  hot- 
spring  bowls  of  this  terrace,  attest  an  activity  and  size  for  these 
extinct  springs  far  surpassing  any  now  active. 

THE  SPRINGS  AND  THEIR  VEGETATION. 

With  the  exception  of  the  Hot  River  all  the  active  springs  now 
issue  from  the  terraces  above  the  hotels,  or  from  the  upper  part  of 
the  hotel  terrace  itself.  These  seventy-five  springs  vary  in  tempera¬ 
ture  from  80°  F.  up  to  165°  F.,  and  in  size  from  small  oozes  of  hot 
water  to  basins  50  by  100  feet  across,  with  an  overflow  of  many  thou¬ 
sand  gallons  per  hour.  Algse  have  been  found  in  all  these  springs, 
and  it  is  this  vegetation,  and  the  part  which  it  takes  in  the  forma¬ 
tion  of  travertine  by  the  hot  waters,  that  are  of  especial  interest  in 
the  present  paper. 

In  wandering  around  the  terraces  of  this  great  deposit  of  traver¬ 
tine  the  observer  is  sure  to  be  impressed  with  the  brightly  tinted 
basins  about  the  springs  and  the  red  and  orange  colors  of  the  slopes 
overflowed  by  the  hot  waters.  These  colors  are  due  to  the  presence 
of  microscopic  algse,  which  are  not  easily  recognizable  in  this  deposit, 
owing  to  their  covering  of  travertine.  In  the  cooler  springs  and 
channels  similar  vegetation  forms  the  bright  green,  orange,  or 
brown  membrane-like  sheets  or  masses  of  jelly,  without  apparent 
vegetable  structure. 
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The  true  nature  of  the  silken  yellow  filaments  found  in  the  bowls 
and  channels  of  even  the  hottest  springs  is  more  apparent,  though 
the  yellow  color  is  due  to  sulphur  incrusting  the  algse  threads.  The 
intimate  relation  of  these  algous  growths  to  the  deposits  of  newly 
formed  travertine  suggests  at  once  that  the  algse  are  encrusted  by 
the  carbonate  of  lime,  and  so  aid  in  the  formation  of  the  tufa. 
While  this  is  probably  true,  the  chief  work  of  these  plants  is  the 
separation  from  the  water  of  the  carbonate  of  lime,  which  they 
cause  by  their  abstraction  of  carbonic  acid.  Owing  to  this  action,  a 
common  function  of  vegetation,  such  growths  are  an  important 
factor  in  the  formation  of  travertine  by  the  Mammoth  Hot  Springs 
waters. 

GENERAL  OCCURRENCE  OF  THE  ALGAL 

The  general  occurrence  of  the  algous  vegetation  will  be  best  un¬ 
derstood  if  a  brief  description  of  a  few  of  the  typical  springs  is 
given.. 

The  largest  springs  now  active  are  those  of  the  Main  Terrace. 
This  is  a  fairly  flat  area  of  8f  acres  in  extent  and  250  feet  above  the 
hotels.  On  the  north  the  terrace  ends  in  abrupt  slopes,  extending 
down  to  the  bench  below ;  on  the  east  and  southeast  the  descent  is 
more  gradual,  extending  down  to  the  military  quarters  175  feet  be¬ 
low.  Near  the  center  of  this  terrace  are  the  Blue  Springs.  These 
springs  shift  their  position  from  year  to  year,  the  rapid  deposition 
of  travertipe  choking  up  the  vents,  causing  the  springs  to  seek  other 
and  easier  outlets.  In  this  case  it  often  happens  that  the  pressure 
of  the  accumulated  gas  fractures  the  deposit,  and  the  water  issues  in 
a  jet  a  foot  or  more  in  height.  A  rim  of  travertine  is  soon  built  up 
about  the  vent,  forming  a  basin,  into  which  the  water,  now  relieved 
of  the  excess  of  pressure,  issues  quietly,  though  in  considerable  vol¬ 
ume.  The  most  beautiful  of  the  Blue  Springs  is  a  pool  15  by  20  feet 
in  extreme  dimensions  filled  with  pellucid  water  apparently  in  vio¬ 
lent  ebullition.  The  sides  and  bottom  of  the  basin  are  formed  of 
pure  white  travertine,  while  the  varying  depths  cause  the  water  to 
appear  all  shades  of  blue  and  green,  from  a  deep  peacock  blue  in 
the  deeper  parts  of  the  bowl  to  the  lightest  of  Nile  greens  in  the 
shallower  recesses.  The  water,  issuing  with  a  temperature  of  1G5° 
F.,  contains  a  large  amount  of  gas,  which  escapes  at  the  surface  of 
the  pool,  causing  the  water  to  rise  in  a  low  dome,  variations  in  the 
amount  of  gas  producing  a  pulsating  movement,  sending  out  waves 
which  ripple  across  the  water  and  curl  over  the  shallow  margin  of 
the  bowl.  The  overflow  passes  over  and  under  large  fan-shaped 
masses  of  fibrous  white  or  yellow  travertine  (Fig.  52)  into  the  upper¬ 
most  of  a  series  of  basins  irregularly  arranged  in  tiers,  a  portion 
running  in  serpentine  waterways  built  up  of  travertine.  These 
natural  aqueducts  are  often  two  or  three  feet  high.  In  the  center  is  a 
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shallow  gutter  too  small  to  hold  the  volume  of  the  stream,  which 
overflows  the  sides  and  fills  the  basins  along  its  course. 


Fig.  52.  Travertine  fan,  main  terrace,  Mammoth  Hot  Springs. 


These  terraced  overflow  basins  form  the  most  striking  feature  of 
the  springs.  No  description  can  do  justice  to  their  beauty,  for 
neither  the  delicate  fretwork  of  their  walls  nor  the  frosted  surface 
of  the  glistening  deposit,  nor  the  brilliant  colors  of  the  pools  and  rims 
can  be  described.  Plate  LXXVIII,  from  a  photograph,  shows  a  few 
of  the  many  basins,  of  which  each  differs  from  the  others.  The  walls 
are  built  up  of  pure  white  travertine,  the  surface  resembling  imbri¬ 
cated  shells  or  a  multitude  of  miniature  basins,  and  often  covered 
with  a  brightly  colored  vegetable  jelly  where  the  water  is  slightly 
cooled.  These  basin  walls  vary  in  height  from  a  few  inches  to  sev¬ 
eral  feet.  Their  outline  is  rarely  crescentic,  usually  irregular,  wavy, 
and  scalloped.  The  water  runs  over  the  rims  in  thin  sheets  and 
little  cascades,  depositing  travertine  wherever  it  flows  and  constantly 
building  up  the  basins  until  the  flow  is  checked  by  the  increased 
height  of  the  rims.  Yellow  sulphur-coated  algse  threads  are  abun¬ 
dant  in  the  bowl  of  the  spring  and  the  rapid-flowing  streams,  but 
the  exquisite  blues  and  greens  of  the  hottest  basins  are  due  solely  to 
the  varying  depths  of  water.  The  bright  lemon,  red,  and  green 
shades  of  the  cooler  pools  are,  however,  entirely  vegetable  in  their 
nature,  and  due  to  the  presence  of  algae  lining  the  basins  and  strip¬ 
ing  their  outer  walls.  In  a  general  view  of  the  entire  collection  of 
these  basins,  obtained  from  the  edge  of  the  terrace  above,  the  effect 
is  that  of  a  brilliant  mosaic,  the  colors  occurring  in  well-defined 
areas  outlined  by  the  white  travertine  rims.  As  will  be  shown  later, 
the  contrasting  tints  of  adjacent  basins  are  due  to  the  different  tem¬ 
perature  of  the  water  and  consequent  different  development  of  the 
algous  vegetation.  Looking  at  the  pools  near  by  proves  that  these 
colors  are  not  pure,  but  are  produced  by  a  number  of  tints,  minute 
differences  in  depth  producing  variations  in  color  in  the  same  basin. 
Large  as  is  the  overflow  from  the  Blue  Springs,  little  reaches  the 
edge  of  the  terrace,  the  water  sinking  into  the  porous  deposit  or  flow¬ 
ing  into  holes  and  fissures  in  the  travertine  floor. 

On  the  same  terrace,  but  close  to  the  southeastern  edge,  are  the 
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two  main  springs.  They  are  very  much  alike,  and  are  to-day  in 
nearly  the  same  condition  as  in  1871,  when  they  were  first  seen. 
The  northern  spring  is  a  brown  lined  bowl,  75  by  100  feet  across,  and 
5  to  8  feet  deep.  The  flat  margin  is  formed  of  smooth  and  polished 
salmon-colored  travertine  whose  thin  laminae  and  hardness  show  it 
to  have  been  quite  slowly  formed.  The  water  is  much  cooler  than 
that  of  the  Blue  Springs,  having  a  temperature  of  136°  F.  at  the  edge 
of  the  bowl.  The  supply  is  constant  and  issues  from  holes  in  the 
bottom  of  the  basin,  their  location  being  distinguished  by  the  lighter 
color  of  the  water,  the  eddying  currents,  and  an  occasional  stream 
of  gas  bubbles. 

The  perfect  transparency  of  the  water  enables  one  to  see  the  mi¬ 
nutest  details  of  the  sides  and  bottom  of  the  bowl.  The  volume  of 
water  which  the  two  main  springs  pour  out  is  not  kno  wn,  as  the  out¬ 
flow  does  not  run  in  definite  channels,  but  pours  over  the  eastern 
margins  in  a  shallow  sheet  which,  spreading  out,  flows  down  the 
rippled  slopes  and  over  the  Marble  Basins.  PL  LXXIX  shows  a  few 
of  the  upper  basins,  which  are  often  quite  shallow,  and  hardly  merit 
the  name  of  basin.  Here  the  waters  deposit  carbonate  of  lime  rap¬ 
idly,  and  the  walls  or  basin-fronts  are  generally  solid,  while  on  the 
lower  slope  the  cooled  waters  have  parted  with  much  of  their  lime, 
and  deposit  travertine  slowly.  On  these  lower  slopes  the  basins  are 
fringed  with  slender  stalactites  and  pillars,  forming  the  beautiful 
Pulpit  Basins,  illustrated  in  PI.  LXXX.1  In  this  case,  also,  the  pool 
or  basin  proper  is  very  shallow,  rarely  a  foot  deep,  and  the  rim  or 
lip  generally  projects  over  the  pillared  front,  as  it  is  here  that  the 
deposition  of  travertine  is  most  rapid. 

Wherever  the  hot  waters  flow  the  deposit  is  brightly  colored  by 
the  algous  vegetation.  The  pools  and  basins  near  the  springs  are 
lined  with  deep  red,  while  the  slopes  below  are  bright  orange  in 
color,  and  it  is  only  near  the  base  of  the  slope,  where  the  waters  are 
quite  cool,  that  this  color  disappears. 

EFFECT  OF  ENVIRONMENT. 

Algse  are  abundant  in  all  the  springs  and  wherever  the  hot  waters 
flow,  but  the  growths  vary  in  character  and  in  color  with  the  tem¬ 
perature  of  the  water  and  with  the  situation  in  which  they  occur. 
If  the  temperature  exceeds  150°  F.  a  white  filamentary  alga  is  the 
only  species  present,  the  thread  generally  coated  with  sulphur;  but 
where  the  water  has  cooled  below  that  point,  or  issues»with  a  lower 
temperature,  a  pale  greenish-yellow  growth  is  found,  sparingly  at 
first,  but  more  abundantly  and  deeply  tinted  in  cooler  water,  where 
it  often  entirely  replaces  the  white  species.  This  green  alga  is  asso¬ 
ciated  in  turn  with  a  red  or  orange  species  which  gradually  replaces 

1  Plates  LXXVIII,  LXXIX,  and  LXXX  are  engraved  from  photographs  made  by 
T.  W.  Ingersoll,  of  St.  Paul,  Minn. 


I 


634 


FORMATION  OF  HOT  SPRING  DEPOSITS. 


it  in  the  cooling  waters,  while  in  tepid  streams  too  cool  to  support 
any  of  these  forms  an  olive-brown  species  forms  a  soft,  velvety  cover¬ 
ing  over  the  travertine.  Different  conditions  of  flow  and  current  pro¬ 
duce  varying  forms  of  the  same  growth.  In  a  rapid  current  the  algae 
are  filamentary,  while  in  quieter  water  the  threads  are  united  together 
in  a  membrane-like  sheet  or  in  masses  of  jelly,  generally  inflated  by 
gas  bubbles  entangled  in  the  vegetable  tissue.  At  tlie  borders  of 
many  channels  the  two  forms  pass  into  each  other.  Where  the  depo¬ 
sition  of  travertine  is  very  rapid,  as  is  generally  the  case  on  the  over¬ 
flow  slopes  and  basin  walls,  the  algae  are  encased  in  the  deposit  and 
only  the  vegetating  ends  of  the  filaments  are  exposed  and  free. 

The  white  algae,  which  grow  in  the  hotter  waters,  are  generally 
coated  with  sulphur  near  the  source  of  the  spring,  forming  tufts  of 
bright  yellow  filaments  resembling  skeins  of  silk,  vibrating  with  the 
eddies  and  currents  of  the  stream.  Farther  from  the  source  these 
threads  are  not  sulphur-coated,  but  are  encrusted  with  carbonate  of 
lime,  and  they  form  the  radiating,  fan -like  masses  of  travertine 
shown  in  Fig.  52.  The  white  algae  are  generally  found  in  the 


Fig.  53.  Coating  specimens.  Mammoth  Hot  Springs. 

rapid  currents  of  overflow  streams  ;  rarely  in  the  eddying  waters  of 
the  hot-spring  bowls. 
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It  was  suspected  that  this  white  or  sulphur-coated  species,  so 
abundant  in  the  hotter  waters,  might  he  identical  with  other  and 
more  brightly  colored  algae,  which  had  not  been  bleached  by  the  hot 
sulphurous  water.  Specimens  of  a  dark  emerald-green  growth  were 
therefore  placed  in  the  overflow  of  a  hot  sulphur  spring  alongside 
of  the  white  sulphur-coated  filaments.  In  a  few  hours  the  green 
color  had  disappeared  from  the  submerged  portion  of  the  green 
growth,  and  the  white  bleached  filaments  were  partially  coated  with 
sulphur.  Subsequent  observations  proved,  however,  that  the  white 
species  maintains  its  character  in  comparatively  cool  waters,  where 
it  occurs  associated  with  red  and  with  green  algse,  so  that  the  experi¬ 
ment  does  not  show  the  identity  of  the  species,  as  was  at  first  sup¬ 
posed.  The  green  algse  are  not  such  active  travertine  formers  as 
the  white  and  red  species.  They  thrive  best  in  the  shade,  or  where 
hidden  from  the  light  by  a  covering  of  the  red  algse,  and  the  rich 
emerald-green  color  of  the  species  changes  to  an  olive  or  dull  brown 
where  exposed  to  direct  sunlight.  Flowing  water  seems  to  be  neces¬ 
sary  for  its  best  development,  so  that,  unlike  the  red  algse,  the  green 
species  is  seldom  found  on  the  bottom  of  overflow  pools  and  basins. 
In  water  too  hot  for  the  full  development  of  this  alga,  the  growth  is 
pale,  yellowish  green  in  color,  or  even  bright  yellow,  frequently 
occurring  in  gelatinous  masses  showing  no  trace  of  filaments.  In 
cooler  water  the  color  deepens  to  a  rich  emerald. 

The  orange  or  red  algse  are  very  active  in  the  formation  of  traver¬ 
tine,  and  there  is  not  an  overflow  slope  that  does  not  show  traces  of 
its  color.  It  tints  the  bottoms  of  the  basins  about  the  springs,  and 
their  rims  and  walls,  with  its  varying  shades  of  yellow,  red,  or  brown, 
and  it  is  this  growth  that  imparts  the  tawny  yellow  or  orange  color 
to  the  slopes  about  all  the  springs,  particularly  noticeable  on  the 
slopes  overflowed  by  the  waters  of  the  Main  Spring.  This  species  is 
rarely  found  free  from  lime,  which  generally  incrusts  it  so  thickly 
that  it  is  difficult  to  distinguish  its  vegetable  nature. 

DESCRIPTION  OF  THE  VEGETABLE  GROWTH. 

The  springs  at  the  foot  of  the  slope  below  the  Pulpit  Basins 
formerly  presented  the  most  luxuriant  algous  vegetation  of  the  lo¬ 
cality,  in  the  area  overflowed  by  their  waters.  This  overflow  is  now 
chiefly  used  to  supply  the  military  stables,  but  formerly  covered  the 
flat  north  of  the  springs,  flowing  over  a  cushion  of  algous  jelly 
several  inches  thick.  The  temperature  of  the  spring  was  127°  F., 
and  the  channel  near  it  was  filled  with  a  bubbly,  gelatinous  vegeta¬ 
tion,  emerald  save  at  the  edges,  where  it  shaded  into  a  dull,  greenish 
brown.  This  changed  gradually  to  a  mixture  of  green  and  yellow 
where  the  temperature  had  fallen  to  115°,  but  at  110°  the  surface  of 
the  jelly  showed  no  trace  of  green,  and  the  orange  species  only  was 
seen,  continuing  abundant  until  at  97°  F.  the  growth  ceased.  Traver- 
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tine  deposition  was  taking  place  most  rapidly  where  the  temperature 
was  100°  F.,  and  the  algse  were  so  heavily  coated  and  inclosed  by  the 
deposit  that  its  organic  character  was  completely  hidden,  the  light 
salmon-red  color  being  apparently  due  to  some  mineral.  It  should 
be  mentioned  in  this  connection  that  these  springs  contain  much  less 
lime  in  solution  than  the  other  springs  of  this  locality,  and  the 
waters  do  not  coat  and  incrust  articles  placed  in  their  spray.  Only 
a  small  part  of  the  overflow  seems  to  have  run  over  this  salmon-colored 
crust,  for  upon  tearing  off  this  coating  the  inside  is  seen  to  consist 
of  green  algae,  the  larger  part  of  the  overflow  running  through  this 
vegetable  conduit. 

The  association  of  the  different  species  is  well  illustrated  in  their 
occurrence  at  the  Orange  Spring.  This  vent  has  built  up  a  mound 
15  feet  high,  20  to  25  feet  wide,  and  50  feet  long,  with  a  gently  arched 
summit  and  steeply  sloping  sides.  The  water  issues  from  several 
little  cones  on  the  summit,  situated  along  a  line  corresponding  to  the 
major  axis  of  the  mound,  but  there  is  usually  one  vent  from  which 
the  greatest  part  of  the  overflow  issues,  and  generally  in  a  jet  nearly 
a  foot  high.  The  temperature  is  but  148°  F. ,  so  that  this  spouting  is 
dne  to  gaseous  or  to  hydrostatic  pressure.  Falling  into  a  little  basin 
the  water  flows  off  in  a  ramifying  network  of  little  channels  to  the 
edge,  where  spreading  out  it  forms  a  thin,  glistening  sheet,  dashing 
and  rippling  down  the  steep  slopes,  only  to  sink  in  the  porous  traver¬ 
tine  at  the  base  of  the  mound.  The  water  has  a  strong  sulphurous 
odor,  and  the  deposit  about  the  vent  contains  considerable  sulphur. 
If  under  water  the  surface  of  this  deposit  is  black,  with  bunches  of 
sulphur-coated  filaments  attached  to  the  sides  and  bottom  of  the 
channel.  Near  the  vent  these  are  the  only  algae  present,  but  pale 
yellowish  green  threads  are  found  in  the  cooler  water  at  the  border 
of  the  channel,  and  are  abundant  at  130°  in  many  of  the  branch 
streamlets.  As  the  water  cools  still  more  the  green  growth  becomes 
deeper  in  color,  and  the  red  species  appears  at  the  edge  of  the  stream. 
This  growth  is  sometimes  filamentary,  but  generally  a  jelly-like 
membrane,  when  not  buried  in  the  travertine.  The  surface  of  the 
mound  between  the  reticulated  channels  is  covered  with  a  gelatinous 
coating  of  red  and  green  algse  similar  to  those  just  mentioned,  but 
mixed  with  crusts  of  carbonate  of  lime.  Mushroom-shaped  forms  of 
salmon-colored  travertine  rise  from  the  bed  of  the  larger  channels 
or  project  over  the  edges  of  the  stream  ;  these  are  formed  partly  by 
algse  and  partly  by  evaporation. 

The  steep  rounded  or  step-like  slopes  of  the  mound  are  bright 
orange  in  color  where  covered  by  the  water,  and  it  is  undoubtedly 
this  which  gave  the  name  to  the  spring.  This  coloring  is  due  to 
algse  similar  to  those  found  on  the  summit  of  the  mound,  but  the 
filaments  are  buried  in  the  travertine,  their  tips  alone  projecting,  re¬ 
minding  one  of  the  growing  points  of  peat  mosses  whose  stems  can 
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be  followed  down  into  the  peat  beneath.  Where  the  overflow  has 
become  too  cool  to  support  the  orange  algse,  which  does  not  live 
below  90°  F. ,  a  brown  species  forms  a  smooth  velvety  coating  on  the 
travertine,  and  is  very  abundant  at  85°  F. ;  this  in  turn  disappears  as 
the  wrnter  becomes  still  cooler. 

In  the  overflow  basins  of  the  Blue  Springs  (Plate  LXXVIII)  the 
colors  of  adjoining  pools  are  often  quite  different.  In  one  of  the  hot¬ 
ter  basins  where  the  temperature  was  142°  the  algae  tinting  the  deposit 
were  a  bright  lemon  yellow,  while  the  rich,  deep  red  growth  of  the 
adjoining  basin  lived  at  115°  F.  The  red  growth  is  very  prominent 
in  water  between  110°  F.  and  130°  F.  At  the  edge  of  a  pool  where  the 
flow  was  comparatively  quiet,  a  pistachio  green  growth  merging  into 
yellow  and  orange  began  at  145°  F. ,  the  growth  being  thin  and  closely 
adherent.  Close  by  a  place  where  the  flow  was  very  sluggish,  at  a 
temperature  of  130°  F.,  the  orange  algae  are  abundantly  developed 
in  gelatinous  balloon-like  forms.  At  115°  F.  the  red  tint  is  much 
browner  and  at  95°  F.  is  a  dark  orange  brown. 

In  several  of  the  basins,  yellow,  red,  salmon,  green,  and  brown 
interblend,  owing  to  differences  in  depth  and  consequently  in  tem¬ 
perature  and  current.  The  vegetable  nature  of  such  growths  is  gen¬ 
erally  much  obscured  by  the  accompanying  deposition  of  travertine. 

SOLUBILITY  OF  CARBONATE  OF  LIME  IN  NATURAL  WATERS. 

The  large  amount  of  carbonate  of  lime  which  the  hot  waters  of  the 
Mammoth  Hot  Springs  contain  in  solution  suggests  an  inquiry  regard¬ 
ing  the  conditions  under  which  such  waters  take  that  salt  into  solution. 

In  pure  water  the  carbonate  of  lime  is  very  sparingly  soluble,  the 
proportion  given  by  Bineau  being  but  one  part  in  30,000,  to  one  in 
50,000,  or  according  to  Fresenius,  one  part  in  10,800  cold  and  8,875 
parts  of  boiling  water.  In  carbonated  waters  the  neutral  carbonate 
of  lime  unites  with  the  carbonic  acid  to  form  the  bicarbonate  of 
lime,  which  is  readily  dissolved  in  water  to  the  extent  of  0. 88  grammes 
per  litre  in  water  saturated  with  carbonic  acid  gas  at  the  ordinary 
atmospheric  pressure  and  a  temperature  of  10°  C.  With  an  increase 
of  pressure  the  amount  taken  into  solution  is  augmented  with  the 
increase  of  carbonic  acid  absorbed,  hut  the  maximum  amount  that  can 
be  dissolved  is  about  3  grammes  per  litre. 1  The  presence  of  alkaline 
and  earthy  salts  in  water  free  from  carbonic  acid  favors  the  forma¬ 
tion  of  unstable  supersaturated  solutions  of  carbonate  of  lime,  from 
which  the  lime  is  gradually  precipitated,  this  separation  being  more 
rapid  from  waters  containing  the  chlorides  than  from  those  holding 
the  sulphates  of  the  alkalies  and  the  alkaline  earths.  Magnesium 
sulphate  and  sodium  sulphate  form  solutions  with  a  certain  amount 
of  stability,  but  the  lime  is  all  precipitated  in  eight  to  ten  days.3 

1  Roscoe  and  Schorlemmer,  vol.  2,  p.  208. 

5  T.  Sterry  Hunt  :  Am.  Jour.  Sci.,  2d  series,  vol.  42,  p.  58. 
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Iii  water  saturated  with  carbonic  acid  the  alkaline  and  earthy  chlo¬ 
rides  form  unstable  supersaturated  solutions,  from  which  the  lime 
soon  crystallizes  out  as  the  hydrous  carbonate  (at  low  temperatures) 
and  the  solution  then  contain^  but  0.8  grammes  of  carbonate  of  lime 
per  litre,  corresponding  to  that  dissolved  by  the  carbonic  acid. 1  But 
the  capacity  of  carbonated  waters  for  carbonate  of  lime  is  nearly 
doubled  by  the  presence  of  magnesium  sulphate  or  sodium  sulphate 
in  the  solution.  Water  holding  either  of  these  sulphates  in  solution 
in  the  proportion  of  rooth  or  even  less,  and  impregnated  with  car¬ 
bonic  acid,  readily  takes  into  permanent  solution  at  the  ordinary 
temperatures  and  pressure  a  quantity  of  pure  carbonate  of  lime 
equal  to  1. 56  to  1. 82  and  even  2  grammes  to  the  litre.2  It  is  thus  evi¬ 
dent  that  solutions  of  carbonate  of  lime  in  pure  or  mineral  waters 
are  permanent  only  in  the  presence  of  free  carbonic  acid. 

CHARACTER  OF  THE  HOT  SPRING  WATERS. 

The  water  of  the  Mammoth  Hot  Springs  is  remarkably  clear  and 
transparent ;  the  temperature  varies  at  different  springs  from  80° 
F.  up  to  165°  F.,  exceeding  130°  in  all  the  larger  springs.  While  hot 
it  generally  possesses  n  sulphurous  odor,  the  intensity  varying  greatly 
at  different  springs,  but  always  being  strong  if  the  temperature  ex¬ 
ceeds  140°,  wheii  sulphur  is  found  incrusting  the  al gee  filaments 
growing  near  the  vent  of  the  spring.  When  cold  the  water  is  not 
peculiar  in  taste  or  in  odor,  but  it  is  considered  unfit  for  drinking, 
owing  to  the  large  amount  of  carbonate  of  lime  which  it  holds  in 
solution. 

At  many  of  the  springs  a  large  amount  of  gas  escapes  as  the  water 
issues  from  the  vent,  which  is  proven  by  analysis  to  consist  of  car¬ 
bonic  acid  gas,  oxygen,  and  nitrogen.  Although  the  odor  of  sulphur 
is  very  noticeable  and  sulphur  is  deposited  at  many  of  the  springs, 
the  amount  of  sulphuretted  hydrogen  present  in  the  water  is  very 
small,  and  is  too  minute  to  appear  in  the  analysis  of  the  waters. 
The  general  character  of  the  water  is  the  same  in  all  the  springs,  but 
the  amount  of  mineral  matter  held  in  solution  varies  at  different 
springs  from  15  to  17  parts  in  10,000,  and  of  this  one-third  consists  of 
carbonate  of  lime  and  the  remainder  of  readily  soluble  salts. 

In  the  following  table  analyses  are  given  of  typical  waters  from 
the  Mammoth  Hot  Springs,  and  also  of  the  surface  waters  of  the 
surrounding  slopes.  These  analyses  were  made  by  Prof.  F.  A. 
Gooch  and  J.  E.  Whitfield,3  for  the  Geological  Survey  of  the  Yel¬ 
lowstone  National  Park.  In  the  same  table  analyses  for  compar¬ 
ison  are  given  of  the  thermal  waters  of  Hierapolis  and  Kukurtlu, 

1  Hunt.  loc.  cit.  and  Skey,  in  Trans.  New  Zealand  Inst.,  vol.  9,  p.  454 

2 Hunt,  loc.  cit.,  p.  50. 

*  Analyses  of  Waters  of  the  Yell.  Nat.  Park,  Bull.  No.  47,  U.  S.  Geol.  Survey. 
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Asia  Minor,  made  by  J.  Lawrence  Smith,1  and  also  of  the  Carlsbad 
sprudel,  made  by  Ragksy.2 


Analyses  of  waters  from  the  Mammoth  Hot  Springs. 


» 

Cleo¬ 

patra. 

Orange. 

136°  F. 
Hot 
River. 

Gardi¬ 

ner. 

Hotel 

water. 

130°  F. 
Hiera- 
polis. 

182°  F. 

Carls¬ 

bad. 

Ca  C'l2 

0. 0009 

0. 020 

NH4C1 

0. 0019 

0. 0003 

Li  Cl 

0. 0140 

0.0097 

0. 0068 

Trace. 

Na  Cl  . 

0.1903 

0. 1636 

1 . 0306 

K  Cl 

0. 0976 

0.1165 

0. 0882 

0. 0103 

0. 0046 

K  Br 

Trace. 

Trace . . . 

Na2  S04 . 

0.1448 

0. 1834 

0. 2265 

0. 0161 

0.0448 

0.341 

0. 1950 

2. 3721 

k2  so4 

0. 0056 

0.0015 

0.0202 

0. 1636 

MgS04  . 

0. 3645 

0. 3295 

0. 3155 

0. 0076 

0.431 

Ca  S04 . 

0. 1953 

0.2002 

0. 1450 

0.119 

0. 1710 

Alo  (son, . 

0. 0043 

Na0  Bj  D7  . 

0. 0326 

0.0185 

Na  As  On . 

0. 0041 

0. 0004 

Ca  CO  3 . 

0. 6254 

0. 5580 

0.4833 

0. 0625 

0. 0790 

*1.368 

*0.1830 

0. 2978 

Mtr  CO,  . 

0. 0018 

0. 0258 

*0. 041 

*0.0460 

0.1240 

NaH  0O3  . . 

tO.  0340 

0.078 

+1.3619 

Fe  C03  . 

0. 0028 

Mn OO 3 . 

0. 0006 

0. 0093 

.0022 

0. 0097 

0. 0079 

0.0021 

70. 0004 

Si  0a . 

0.0517 

0.502 

0.0300 

0. 0469 

0. 0355 

0.008 

0.1100 

0.0728 

Total  solids. . . . 

1.7315 

1.6133 

1.5297 

1.934 

0. 970 

5. 4312 

Total  C02  §  . . . . 

0. 3537 

.0924 

0. 2143 

0. 0286 

0. 0748 

(0. 3520) 

0.7604 

,  Summation .... 

2. 0852 

1.7057 

1.7440 

0. 2137 

0.2757 

♦Bicarbonate.  +  Neutral.  $  Al2  (P04)2.  §Free. 


The  analyses  show  that  the  amount  of  carbonate  of  lime  held  in 
solution  in  waters  of  the  Mammoth  Hot  Springs  is  greatly  in  excess 
of  that  which  the  carbonic  acid  of  the  water  is  capable  of  dissolving. 
In  the  Cleopatra  water,  which  contains  the  greatest  amount  of  car¬ 
bonate  of  lime,  viz,  0.6254  parts  in  1,000,  the  excess  of  carbonic  acid 
over  that  necessary  to  form  the  neutral  carbonate  is  0.3537  gramme 
per  litre.  If  this  were  united  to  form  bicarbonates,  the  excess  of 
free  carbon  dioxide  would  be  but  0.0786  gramme.  But  as  water  sat¬ 
urated  with  carbonic  acid,  that  is,  containing  2  grammes  per  kilo¬ 
gramme,  will  dissolve  but  0.88  gramme  carbonate  of  lime,  the  pro¬ 
portionate  amount  dissolved  by  0.3537  gramme  of  carbonic  acid  will 
be  0.1552  gramme  of  carbonate  of  lime.  Since  the  water  actually 
contains  0.6254  gramme  of  carbonate  of  lime  in  solution  in  each  kilo¬ 
gram  of  water,  there  is  an  excess  of  0.4698  gramme  of  carbonate  of 
lime  which  has  been  dissolved  either  by  increased  pressure  or  by 
the  alkaline  salts  present.  As  the  water  has  been  under  pressure, 

1  Original  Researches,  p.  68. 

2 Carlsbad,  Marienbad,  etc.,  u.  ihre  Umgebung  :  Prag  1862,  p.  76. 
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which  was  relieved  as  it  rose  to  the  surface,  this  has  probably  influ¬ 
enced  the  solution  of  the  carbonate  of  lime,  hut  the  effect  of  the 
salts  present  is  undoubtedly  very  important. 

The  Hierapolis  waters  contain  0.937  gramme  of  carbonate  of  lime 
per  kilogram,  considerably  more  than  the  Cleopatra  water,  with 
0.3520  gramme  of  carbonic  acid  which  can  dissolve  hut  0.1549  gramme 
of  carbonate  of  lime,  leaving  0.7820  gramme  of  the  latter  to  he  dis¬ 
solved  by  the  0. 772  gramme  of  magnesium  and  sodium  sulphates 
present,  combined  with  the  increased  pressure  under  which  the 
water  existed  before  reaching  the  surface. 

The  Cleopatra  water  is  supersaturated  as  it  issues  from  the  spring, 
since  it  deposits  a  small  amount  of  calcic  carbonate  upon  standing 
in  tightly  stoppered  bottles.  This  supersaturation  is  probably  due  to 
the  relief  of  pressure  as  the  water  rises  in  the  tube  of  the  spring  and 
issues  from  the  vent.  As  the  water  flows  over  the  travertine  slopes 
and  basins  there  is  a  loss  of  carbonic  acid  and  a  deposition  of  car¬ 
bonate  of  lime.  At  the  same  time  the  water  is  concentrated  by 
evaporation  owing  to  the  large  surface  exposed.  A  small  sample  of 
water  was  collected  from  the  slopes  of  the  mound  of  the  Cleopatra 
spring,  at  a  point  25  feet  below  and  distant  50  feet  horizontally  from 
the  point  of  issue.  The  water,  in  flowing  this  distance,  had  cooled 
from  156°  F.  down  to  113°  F.,  and  had  lost  4  per  cent  by  evaporation. 
This  result  is  reached  by  a  comparison  of  the  sulphuric  acid  found 
in  the  water  of  the  spring  with  that  in  the  water  of  the  slope.  Cor¬ 
recting  for  evaporation,  a  comparison  of  the  analysis  wit-li  that  of  the 
spring  water  shows  a  loss  of  0.2251  gramme  per  kilogram  of  carbonic 
acid  by  diffusion,  and  the  deposition  of  0.1675  gramme  of  carbonate 
of  lime  in  flowing  this  short  distance.  Notwithstanding  the  depo¬ 
sition  of  this  amount  of  calcium  carbonate,  the  water  was  super¬ 
saturated  with  that  salt,  for  it  deposited  carbonate  of  lime  upon 
standing  in  a  tightly  stoppered  bottle,  probably  because  of  the  loss 
of  the  carbonic  acid  and  the  concentration  of  the  water  in  flowing 
down  the  slope. 

DEPOSITION  OF  CARBONATE  OF  LIME. 

As  the  presence  of  carbonic  acid  gas  is  essential  to  the  permanence 
of  a  solution  of  carbonate  of  lime,  whether  the  solution  contains 
alkaline  and  earthy  salts  or  not,  the  withdrawal  of  the  carbonic 
acid  will  cause  a  supersaturation  of  the  liquid  with  a  gradual  separa¬ 
tion  and  precipitation  of  the  lime  carbonate.  Thus  deposits  of  car¬ 
bonate  of  lime  may  be  due  to  the  following  causes  : 

(1)  Relief  of  pressure. 

(2)  Diffusion  of  the  carbonic  acid  by  exposure  to  the  atmosphere. 

(3)  Evaporation. 

(4)  Heating. 

(5)  Influence  of  plant  life. 
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Where  the  solution  has  been  formed  under  pressure,  the  increased 
amount  of  carbonic  acid  which  the  water  is  then  capable  of  retaining 
permits  the  solution  of  a  larger  amount  of  carbonate  of  lime.  Upon 
the  relief  of  this  pressure  the  excess  of  gas  escapes,  and  an  unsta¬ 
ble,  supersaturated  solution  results,  from  which  the  lime  carbonate 
gradually  separates  out.  In  this  way  originates  the  troublesome 
incrustations  inside  the  pipes  of  pumps,  and  the  saturation  of  many 
spring  waters  is  undoubtedly  due  to  the  relief  of  pressure  as  the 
water  issues  from  the  ground. 

Richly  carbonated  waters  lose  a  portion  of  their  carbonic  acid  upon 
exposure  to  the  air  ;  simple  standing  is  sufficient  to  cause  the  separa¬ 
tion  of  lime  carbonate  upon  the  surface  of  pools  of  such  solutions,  and 
the  diffusion  of  the  carbonic  acid  is  proportionate  to  the  temperature. 
Deposits  formed  in  this  way  are  common  on  the  bottom  of  stagnant 
basins  at  the  Mammoth  Hot  Springs,  where  the  pellicle  of  carbonate 
of  lime  forming  upon  the  surface  breaks  up  on  thickening,  and  fall¬ 
ing  to  the  bottom  accumulates  as  a  flaky,  loose  deposit.  This  diffu¬ 
sion  of  carbonic  acid  gas  by  exposure  to  the  air  is  greatly  facilitated 
by  increasing  the  surface  exposed,  as  well  as  by  the  agitation  of  the 
water ;  this  is  the  case  where  the  water  spreads  out  over  a  surface  in 
a  thin  sheet,  or  in  cascades  and  spray.  This  diffusion  is  generally 
accompanied  in  such  cases  by  evaporation,  which  also  produces  a 
separation  of  the  lime  carbonate.  Stalactites,  and  similar  formations 
common  in  limestone  caves,  are  produced  by  these  causes  acting 
simultaneously,  and  the  “ petrified”  or  really  incrusted  bouquets, 
baskets,  etc.,  of  Carlsbad  and  many  European  springs,  and  also  the 
Mammoth  Hot  Springs,  are  covered  with  crystals  of  calcite  deposited 
in  this  way.  (Fig.  53.) 

Evaporation  alone  causes  the  formation  of  deposits  of  lime  car¬ 
bonate,  in  the  form  of  tufa,  by  a  concentration  and  supersaturation 
of  the  water.  Such  deposits  are  of  great  extent  about  several  of  the 
lakes  of  the  Great  Basin,  as  described  by  King,  and  Hague,1 2  and 
lately  by  I.  C.  Russell.3 

Heat  causes  a  precipitation  of  the  lime  carbonate  by  a -double  action, 
driving  off  the  carbonic  acid  and  diminishing  the  solvent  effect  of 
the  alkaline  and  earthy  salts  present,3  resulting  in  the  formation  of 
boiler  scale  and  incrustations  where  lime-bearing  water  is  used  for 
generating  steam. 

Deposits  of  carbonate  of  lime  are  also  formed  from  natural  waters 
by  chemical  reaction,  as  in  the  case  of  the  tufa  cones  and  tubes  formed 
about  the  sublacustrine  springs  of  Mono  Lake.4 

1  Geol.  Explor.  of  the  40th  Par.:  vol.  1,  p.  514 ;  vol.  2,  p.  822. 

2  Lake  Lahontan:  Monograph  No.  11,  U.  S.  Geol.  Survey. 

3Skey  :  Trans.  New  Zealand  Inst.,  vol.  10,  p.  449. 

4  Russell,  loc.  cit. 

9  GEOL - 41 
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DEPOSITS  OF  CARBONATE  OF  LIME  DUE  TO  PLANT  LIFE. 

In  tlie  formation  of  the  deposits  just  discussed,  it  is  evident  that 
plant  life  takes  no  part.  It  has,  however,  been  long  known  that  many 
water  plants  possess  the  power  of  abstracting  carbonate  of  lime  even 
from  waters  exceedingly  poor  in  this  salt,  as  in  the  case  of  sea  water, 
where  the  Corrallines  and  other  marine  algae  build  their  framework 
of  lime  carbonate.  Many  fresh  water  plants,  especially  the  Chares 
and  some  mosses,  also  produce  a  separation  of  carbonate  of  lime. 
Our  knowledge  of  this  subject  is  chiefly  due  to  the  researches  of  Dr. 
Ferd.  Cohn,  who  has  shown  the  life  of  mosses  and  of  algae  to  be  a 
most  energetic  factor  in  the  formation  of  deposits  of  travertine. 

The  warm  mineral  waters  of  Carlsbad  contain  an  abundant  algous 
vegetation  which  forms  thick  cushions  of  jelly  on  the  sides  of  the 
stream  channels  and  generally  wherever  the  warm  waters  flow. 
The  association  of  this  growth  with  the  deposition  of  travertine  is 
very  striking,  and  early  writers  upon  the  vegetation  of  the  springs 
called  certain  species  lime-incrusted.  Dr.  Cohn  was  the  first  to  dis¬ 
cover  the  true  relation  of  this  plant  life  to  travertine  deposition, 
and  in  a  paper  published  in  1862  he  showed  that  these  algrn  actually 
eliminate  carbonate  of  lime  from  the  water  and  form  travertine.' 
In  proof  of  this  he  states  that  if  a  part  of  the  algous  jelly  be  pressed 
between  the  fingers  an  extremely  fine  sand  is  felt  between  the  tips 
of  the  fingers,  the  grains  being  much  larger  if  the  jelly  is  taken 
from  the  older  and  lower  parts  of  the  growth.  The  nature  of  this 
sand  and  its  true  relation  to  the  vegetable  tissue  are  easily  recog¬ 
nizable,  the  microscope  showing  minute  crystals  of  carbonate  of  lime 
in  the  slime  between  the  vegetable  threads  and  upon  their  surface. 
These  crystals,  which  at  first  are  separate,  increase  in  number  and 
form  star-like  clusters,  which  by  enlargement  grow  into  grains  of 
calcareous  sand.  By  the  further  deposition  of  carbonate  of  lime 
these  grains  grow  together  and  are  cemented  into  solid  travertine. 
All  these  steps  are  said  to  be  recognizable  under  the  microscope  with 
the  aid  of  hydrochloric  acid. 

The  explanation  of  this  deposition  of  lime  carbonate  within  and 
upon  the  vegetable  tissue  is  said  to  be  the  physiological  action  of 
the  plant,  which  by  withdrawing  carbonic  acid  from  the  water  dimin¬ 
ishes  the  amount  of  carbonate  of  lime  which  it  is  capable  of  retain¬ 
ing  in  solution,  the  excess  crystallizing  out  in  the  manner  described. 
The  supply  of  the  soluble  bicarbonate  of  lime  withdrawn  from  the 
water  by  this  double  action  of  the  plant  is  renewed  by  endomatic 
circulation.  The  cementing  together  of  the  grains  of  sand,  which 
takes  place  in  the  older  and  deeper  layers  of  the  algous  mass,  is 

1  Die  Algen  des  Karlsbader  Sprudels,  mit  Riicksicht  auf  die  Bildung  des  Sprudel 
sinters :  Abhandl.  der  Scliles.  Gesell.  pt.  2  Nat.,  1862,  p.  35. 
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thought  to  he  largely  due  to  a  process  independent  of  plant  life,  in 
which  the  porosity  of  the  tufa  plays  a  part. 

The  exact  relation  of  the  crystals  and  grains  of  carbonate  of  lime 
varies  in  the  different  species  of  algse.  In  the  Oscillarice  of  Carlsbad, 
and  allied  species,  the  crystals  form  in  the  slimy  inter-cellular  tissue; 
in  Halimeda,  the  carbonate  of  lime  forms  a  sieve-like  cover  about 
the  tips  of  the  algse  filaments,  and  in  Acetularia  it  occurs  as  a  tube 
about  the  stalk  of  the  plant.  In  the  Charce  the  lime  is  separated 
and  deposited  in  the  cells  and  cell  walls  of  the  back  alone,  while  in 
the  Corallines  it  is  found  only  within  the  cells. 

It  has  already  been  stated  that  the  algous  vegetation  of  the  Mam¬ 
moth  Hot  Springs  also  produces  a  separation  of  carbonate  of  lime. 
A  careful  study  of  this  vegetation  in  the  field  and  under  the  micro¬ 
scope  shows  that  this  process  is  similar  to  that  discovered  by  Dr. 
Cohn.  At  Carlsbad  it  was  found  that  no  vegetation  was  present  and 
no  tufa  was  deposited  where  the  temperature  exceeded  131°  F.  (44° 
R.),  but  with  the  appearance  of  algse  in  the  water  the  deposition  of 
travertine  began.  A  similar  statement  can  not  be  offered  in  proof 
of  the  influence  of  such  growths  in  the  deposition  of  carbonate  of 
lime  at  the  Mammoth  Hot  Springs,  for  one  species  of  algse  is  found 
at  165°  F.,  the  hottest  water  of  this  locality.  But  that  the  algse  of 
these  springs  secrete  carbonate  of  lime  and  form  travertine  can  be 
satisfactorily  demonstrated,  and  the  process  may  be  observed  wher¬ 
ever  the  hot  waters  flow. 

Masses  of  gelatinous  vegetable  growth,  closely  resembling  those 
of  the  Carlsbad  sprudels,  are  found  about  many  of  the  springs, 
notably  those  at  the  north  base  of  Capitol  Hill  and  at  the  Jupiter 
Springs.  In  this  vegetable  jelly  thin  and  flaky  layers  of  carbonate 
of  lime  are  found  in  the  plant  tissue.  An  examination  of  this  gelat¬ 
inous  substance  shows  that  it  is  composed  of  successive  membrane¬ 
like  sheets,  in  which  minute  gritty  particles  can  be  felt  with  the 
fingers.  Under  the  microscope  isolated  little  crystals  and  stellate 
accretions  of  these  crystals  are  found  scattered  about  in  the  plant 
tissue.  These  by  further  growth  form  minute  grains  of  carbonate 
of  lime.  In  the  older  layers  and  on  the  surface  of  this  flaky  traver¬ 
tine  all  sizes  of  grains  are  found,  the  largest  being  one  millimeter  in 
diameter. 

This  deposit  is  made  up  of  these  pellets,  plainly  seen  in  the  freshly 
formed  tufa  layers,  but  indistinguishable  in  the  older  layers,  where 
the  grains  are  cemented  together  and  the  oolitic  structure  is  lost. 
This  cementation  of  these  pellets  and  of  the  thin  laminae  forms  a 
firm,  more  or  less  compact,  travertine.  The  membranous  structure 
of  the  Carlsbad  growth  is  supposed  to  be  due  to  the  intermediate  or 
intercalated  layers  of  carbonate  of  lime,  ascribed  to  a  certain  period¬ 
icity  of  outflow  from  the  spring,  the  temperature  being  constant. 
The  same  structure  found  at  the  Mammoth  Hot  Springs  is  not  neces- 
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sarily  due  to  this  cause,  since  alterations  in  the  amount  and  temper¬ 
ature  of  the  current  nourishing  the  algse  may  he  caused  by  the 
obstructive  growth  of  the  plants  themselves,  which  thus  produces  a 
change  in  both  the  vegetation  and  the  deposit.  In  addition  to  this, 
evaporation  and  loss  of  carbonic  acid  from  the  water  flowing  over 
the  surface  of  the  growth  cause  the  formation  of  a  crust  of  carbonate 
of  lime,  which  is  afterwards  covered  by  algse,  as  the  wTater  dammed 
by  the  growth  below  is  forced  to  flow  over  this  surface. 

If  the  water  supply  be  cut  off  from  a  mass  of  such  algous  growth 
the  plants  die,  the  green  changes  to  brown,  and  this  to  rose  pink, 
and  finally  to  a  light  salmon,  while  the  odor  of  decaying  vegetable 
matter  is  very  perceptible.  In  a  short  time  all  color  fades  from  the 
surface  and  a  soft  and  porous  chalky  deposit  is  all  that  remains  of 
the  mass  of  jelly-like  algous  growth.  If  a  little  moisture  is  present 
the  pink  tint  remains  a  long  time,  and  is  generally  noticeable  in  the 
inner  parts  of  the  deposit.  Such  areas  are  common  at  the  Mammoth 
Hot  Springs,  especially  about  the  changing  vents  of  sulphur  springs, 
and  at  numerous  places  where  warm  waters  have  issued  from  little 
vents  early  in  the  season,  but  have  dried  up  on  the  advance  of  sum¬ 
mer,  leaving  this  pink  tinted  and  soft  deposit  as  the  only  evidence 
of  the  recent  outflow. 

As  already  mentioned,  the  escape  of  carbonic  acid  and  the  evapo¬ 
ration  of  the  water  are  very  rapid  on  the  overflow  slopes,  below  the 
Main  Springs.  In  consequence  of  this,  a  coating  of  pure  white  crys¬ 
talline  carbonate  of  lime  is  rapidly  deposited  upon  objects  of  any 
kind  placed  in  the  spray  of  the  hot  water,  a  thickness  of  2V  to  of 
an  inch  being  formed  in  three  days  under  favorable  circumstances. 
This  incrusting  property  of  the  water  is  utilized  for  the  production 
of  coated  “specimens,”  made  to  sell  to  tourists.  Horseshoes,  pine- 
cones,  bottles,  and  different  forms  of  wire  work  are  placed  on  rude 
racks,  or  suspended  from  the  cross-bars  of  the  rack  by  strings  and 
the  hot  water  led  over  them  so  that  the  objects  to  be  coated  are  con¬ 
stantly  wetted  by  the  hot  spray,  as  shown  in  Fig.  53.  The  deposit  so 
formed  is  pure  white  and  marble-like,  and  the  little  crystals  sparkle 
in  the  light.  If,  however,  the  objects  be  permitted  to  remain  in  the 
spray  several  days  longer,  the  deposit  loses  its  intense  whiteness  and 
assumes  a  dull  yellowish  tint.  At  the  same  time  the  former  smooth 
surface  of  the  coating  is  dotted  with  wart-like  excrescences  which  be¬ 
come  larger  and  more  numerous  the  longer  the  specimen  is  exposed, 
and  in  time  will  distort  and  disguise  the  original  shape  of  the  object, 
while  the  color  becomes  a  rich  umber  brown.  By  treating  specimens 
of  this  character  with  dilute  hydrochloric  acid  these  changes  are 
seen  to  be  due  to  the  growth  of  algse.  The  first  points  of  growth 
are  places  of  most  rapid  deposition,  and  warty  excrescences  are 
formed ;  later  the  algse  are  present  all  over  the  surface  and  the  thick 
coating  becomes  dendritic  in  structure,  and  both  color  and  form  sug- 
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gest  organic  life.  In  such  deposits  vegetable  life  is  not,  however, 
the  only  factor,  since  we  have  seen  that  the  water  will  deposit  a 
coating  of  carbonate  of  lime  without  the  influence  of  plant  life.  But 
these  influences  are  eliminated  if  we  place  such  objects  under  water, 
in  the  bowl  of  either  of  the  main  springs;  for  bottles,  horseshoes,  or 
other  articles  of  glass  or  iron  immersed  in  these  springs  for  a  long 
time  were  not  coated. 

If,  however,  a  pine  branch,  a  part  of  some  bush  or  plant,  be  placed 
under  the  water  it  is  shortly  covered  with  an  incrusting  cylinder  of 
carbonate  of  lime.  The  surface  of  this  cylinder  is  reddish  brown 
and  warty,  resembling  the  deposit  last  mentioned ;  the  interior  is 
dendritic  in  structure  and  of  a  light  buff  color.  This  deposit  closely 
resembles  the  travertine  cylinders  formed  about  twigs  and  branches 
at  Tivoli.  In  the  formation  of  these  cylinders  at  Tivoli,  Cohn  has 
shown'  that  crystalline  sinter  is  only  separated  about  living  plants 
whose  bark  is  covered  with  growing  algae  and  mosses.  In  our  de¬ 
posits  the  nature  of  the  substance  immersed  is  important  only 
because  it  affects  the  ability  of  the  algae  to  obtain  a  foothold  and  to 
grow,  and  the  deposition  of  sinter  is  coincident  with  the  growth  of 
such  algae. 

A  portion  of  this  deposit  dissolved  in  dilute  hydrochloric  acid 
leaves  a  residue  of  tangled  algous  filaments,  forming  a  feltdike  mass. 
The  nodular  masses  common  on  the  bottom  of  hot  water  pools  and 
basins  are  similar  in  nature  ;  the  surface  of  these  formations  is  moss¬ 
like,  brown  and  greenish  in  color,  particularly  in  the  depressed  por¬ 
tions.  The  interior  is  formed  of  buff-colored  tufa  of  radiating  den¬ 
dritic  fibers. 


DESCRIPTION  OF  THE  DEPOSITS. 

The  different  varieties  of  travertine  found  at  the  Mammoth  Hot 
Springs  vary  in  physical  structure  and  in  appearance,  according  to 
the  conditions  under  which  the  deposit  was  formed.  In  general,  the 
compactness  of  the  travertine  depends  upon  the  rapidity  of  forma¬ 
tion,  some  of  the  most  quickly  formed  deposit  being  so  light  and 
porous  that  it  is  easily  crumbled  to  powder  between  the  fingers,  while 
the  slowest  formed  deposit  is  almost  flint-like  in  texture. 

The  travertine  of  the  older  terraces  is  often  compact,  dense,  and 
hard,  resembling  an  ordinary  limestone ;  another  variety,  often  of 
recent  formation,  is  also  compact  and  crystalline,  resembling  the 
purest  of  marble ;  while  the  freshly  formed  walls  of  the  basins  of 
the  Main  Terrace  are  often  soft  and  easily  crushed.  Notwithstand¬ 
ing  the  marked  differences  of  structure  and  appearance  the  traver¬ 
tine  all  has  the  same  chemical  composition  as  shown  by  analysis. 

The  following  analyses,  made  for  the  Geological  Survey  of  the 


1  Neues  Jahrbuch  (Leonhard),  1864,  p.  580. 


646 


FORMATION  OF  HOT  SPRING  DEPOSITS. 


Yellowstone  National  Park,  by  Mr.  J.  E.  Whitfield,  show  the  com¬ 
position  of  typical  specimens  of  varying  forms  of  the  Mammoth  Hot 
Springs  deposit ;  analyses  are  also  given  of  travertines  from  other 
localities. 

Analyses  of  Travertines. 


I. 

II. 

m. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

0.08 

0.26 

0.06 

0.01 

0. 15 

0.6 

0.30 

0. 12 

AhOo  -4-  FfinOo  . 

0. 15 

0.11 

0. 14 

0.05 

0.49 

1.10 

SOs,  sulph.  acid . 

1.72 

1.34 

0.70 

0.49 

0.55 

0. 80a 

0.08“ 

53.83 

54.06 

55. 02 

55.02 

53.46 

CaC03,  lime  carbon- 

ate . 

*(94.97) 

*(95.77) 

*(96.02) 

*(96.02) 

*(95. 36) 

96.82 

98.02 

97.00 

95.62 

MgO,  magnesia  . .  . 

0.90 

0.60 

0.06 

0.07 

0.42 

0. 16b 

3.06» 

NaCl,  sodium  chlo- 

0.02 

0.26 

0.20 

0. 12 

0.13 

K»0,  potash . 

0.08° 

0.04 

0.01 

0. 107 

CO 2,  carbonic  acid  . . 

41.79 

42. 14 

42.25 

42.25 

41.96 

HjO,  water . 

1.43 

1. 19 

1.06 

1.61 

2.44 

1.30 

C,  carbon . 

0. 21 

None. . 

0.24 

0. 11 

0.37 

Other  constituents  . . 

1.41 

1.20 

Total  .  . 

100.13 

99.96 

99. 81 

99.77 

99. 98 

99.94 

100.00 

99.36 

99. 39 

» Sulphate  of  lime.  b  Carbonate  of  magnesia.  c  Potassic  chloride 

*  If  all  the  COa  be  supposed  to  be  combined  with  lime. 


No.  I  is  a  compact  yellowish  travertine  from  the  slopes  below  the 
Hotel  Terrace,  and  it  represents  the  older  travertine. 

No.  II  is  the  riffled  travertine  forming  the  ridge  west  of  the  Blue 
Springs  and  above  Cupid’s  Cave. 

No.  Ill  is  the  fibrous  white  travertine  forming  the  fan-shaped 
masses  seen  in  the  Blue  Springs  and  elsewhere,  the  specimen  being 
from  a  deserted  vent  near  the  Blue  Springs. 

No.  IY  is  from  a  mushroom-shaped  mass,  showing  the  color  and 
structure  of  the  organic  growth  found  in  the  overflow  of  spring 
No.  24. 

No.  Y  is  the  crystalline  travertine  found  on  the  walls  of  Cupid’s 
Cave.  The  surface  is  satiny  and  mottled,  with  spicules  and  beaded 
formations  resembling  siliceous  sinter. 

No.  VI  is  the  analysis  of  the  Carlsbad  sprudelstein  made  by  Ber¬ 
zelius.  1 

No.  VII  and  No.  VIII  are  travertines  from  Hierapolis  and  from 
Kukurtlu,  Asia  Minor,  analyzed  by  J.  Laurence  Smith.2 

No.  IX  is  the  tufa  found  about  the  Arkansas  hot  springs,  analyzed 
by  David  Dale  Owen.3 

Though  travertine  formed  without  the  presence  and  aid  of  plant- 
life  forms  but  a  very  small  part  of  the  bulk  of  the  Mammoth  Hot 

1  Annalen  der  Physik,  Gilbert:  vol.  74,  p.  168. 

s  Original  Researches,  p.  65. 

3  Geology  of  Arkansas. 
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Springs  deposit,  there  are  two  interesting  varieties  in  the  formation 
of  which  vegetable  life  was  absent.  The  first  is  the  thin  flaky  de¬ 
posit  found  at  the  bottom  of  stagnant  pools  and  basins  of  the  spring 
water.  This  is  formed  by  a  separation  of  calcic  carbonate  at  the 
surface  of  the  pool,  owing  to  the  diffusion  of  carbon  dioxide  upon 
prolonged  exposure  of  the  water,  forming  a  thin  wax-like  film  upon 
the  surface ;  this  thickens  until  the  crust  breaks  up  from  its  own 
weight  and  the  flakes  settle  to  the  bottom  of  the  basin.  This  mate¬ 
rial  is  nearly  pure  carbonate  of  lime,  whose  specific  gravity,  2. 70356, 
shows  it  to  be  a  true  calcite. 

Another  variety  also  made  independently  of  plant  life  is  that 
which  forms  the  lining  of  hot-spring  chambers,  such  as  the  Devil’s 
Kitchen,  and  the  spring  vent-holes.  This  is  deposited  comparatively 
slowly,  and  occurs  in  shelly  layers  half  an  inch  to  three  inches  thick, 
with  a  smooth,  rounded,  and  globular  surface.  It  is  crystalline  and 
marble-like  and  pure  white.  This  travertine  is  a  crystallization  out 
of  a  supersaturated  solution  of  carbonate  of  lime,  due  to  the  relief  of 
pressure  as  the  waters  approach  the  surface.  A  similar  deposit  lines 
the  vent-holes  of  the  Orange  and  other  springs,  and  is  analogous  to 
the  deposits  so  quickly  formed  in  the  conduit  pipes  leading  the  hot 
water  to  the  hotel  baths,  also  due  to  supersaturation,  experiments 
showing  that  such  solutions  do  not  deposit  their  excess  of  lime  at 
once,  but  in  the  course  of  a  short  time. 

All  other  varieties  of  the  travertine  so  far  found  have  been  formed 
partially  or  entirely  by  the  aid  of  plant  life.  Of  the  numerous  forms 
produced  in  this  way  there  is  none  which  shows  its  vegetable  origin 
more  clearly  than  the  fibrous  tufa  forming  the  fan-like  masses  found 
in  many  of  the  springs.  (Fig.  52.)  A  simple  examination  of  this 
deposit  with  a  lens  shows  that  the  fibers  are  neither  long  crystals 
nor  crystal  aggregates,  and  the  stringy  or  blade-like  fibers  suggest 
the  incrustation  of  vegetable  filaments.  The  upper  surface  of  this 
deposit  is  fairly  even  and  the  fibers  round  and  parallel  in  arrange¬ 
ment.  The  inner  part  of  the  specimen  is  similar,  but  the  fibers  are 
sharper  and  resemble  blades  of  grass  arranged  loosely,  giving  an 
open  and  porous  structure.  The  under  surface  of  these  fans  is  more 
uneven,  the  fibers  are  round  and  covered  with  little  pellets  of  lime 
sometimes  clustered  in  botryoidal  forms,  while  the  threads  them¬ 
selves  are  irregularly  arranged,  as  if  a  skein  of  silk  floating  in  the 
shifting  currents  of  a  stream  were  suddenly  turned  to  snowy  traver¬ 
tine.  Plate  LXXXI  shows  the  upper  surface  of  a  part  of  one  of  these 
travertine  faus,  on  which  the  travertine  frost-work  is  particularly 
beautiful.  The  specimen  is  formed  of  a  stringy  or  fibrous  deposit 
covered  by  gnarled  and  knotted  ropy  forms,  whose  surface  is  cov¬ 
ered  by  aggregated  travertine  pellets  of  varying  sizes  up  to  one- 
eighth  of  an  inch  in  diameter,  these  in  turn  coated  with  a  drusy 
frost-work  of  little  crystals.  Bubble-like  shells  of  translucent  wax- 
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like  travertine,  sometimes  entire,  oftener  broken,  lie  between  the 
libers  or  entangled  in  the  network,  their  broken  edges  beaded  and 
their  surface  dotted  with  minute  pellets  of  the  same  material.  An 
examination  of  a  fragment  of  this  porous  fibrous  travertine  with  a 
pocket  lens  shows  that  the  libers,  tubes,  and  blades  are  built  up  of 
minute  rods  lying  alongside  of  one  another  and  cemented  into  bun¬ 
dles  or  plates.  Each  rod  has  a  hard  vitreous  center,  with  an  outer 
more  opaque  coating.  Dissolving  a  little  fragment  of  the  traver¬ 
tine  in  dilute  hydrochloric  acid  shows  that  each  little  rod  is  formed 
by  a  single  algae  thread.  Remembering  the  occurrence  of  the  fans 
of  this  fibrous  travertine,  we  can  only  conclude  that  the  formation 
is  produced  by  the  white  species  of  algae  so  common  in  the  hotter 
waters  of  the  springs. 

The  curious  mushroom-shaped  forms  found  in  the  channels  of 
many  of  the  springs  are  detached  with  difficulty,  as  the  deposit  is 
quite  hard  when  fresh.  The  top  is  usually  wet  by  the  ripples  and 
spray  of  the  stream,  but  is  above  the  general  body  of  water.  This 
upper  surface  is  riffled  by  a  network  of  ■  little  ridges  one-eighth  of 
an  inch  high,  with  basin-like  depressions  between.  The  color  is  a 
bright  orange  red,  which  is  most  brilliant  in  the  depressions,  where 
one  familiar  with  algae  at  once  recognizes  the  vegetable  nature  of 
the  color.  A  transverse  section  of  the  specimen  proves  that  it  is 
also  of  algous  origin.  The  stem  consists  of  fibrous  •  travertine  re¬ 
sembling  that  forming  the  “  fans.”  This  forms  the  center  or  middle 
layer  of  the  cap  of  the  toadstool  also,  but  is  overlaid  by  a  layer  one- 
quarter  to  three-quarters  of  an  inch  thick  of  quite  different  structure. 
This  top  layer  is  also  fibrous,  but  the  fibers  are  short,  stout,  and 
perpendicular  to  the  underlying  deposit.  The  under  side  of  the  cap 
is  coated  with  hard,  porcelanous  travertine,  with  smooth  surface, 
often  dotted  with  botryoidal  clusters  of  white  pellets,  to  which 
sulphur-coated  filaments  are  often  attached.  Both  varieties  of 
fibrous  travertine  show  a  netted  mass  of  algae  filaments  when  dis¬ 
solved  in  dilute  acid.  The  most  common  variety  of  travertine, 
forming  the  riffled  surfaces  of  the  rounded  slopes,  benches,  and  ter¬ 
raced  basins,  is  like  that  forming  the  top  layer  of  the  mushroom 
forms  just  mentioned. 

The  riffled  surface  is  due  to  innumerable  little  ridges  which  run 
across  the  surface  in  wavy  lines,  and,  meeting,  form  miniatures  of  the 
larger  basins.  If  the  slope  is  very  gentle  these  little  basins  are  pro¬ 
portionately  larger  and  the  dividing  walls  very  thin,  while  on  steeper 
slopes  the  ridges  are  thick  and  close  together,  producing  a  reticulated 
surface.  While  wet  by  the  hot  water  the  color  is  generally  quite 
brilliant.  If  the  volume  of  water  be  large  and  the  current  rapid, 
the  color  is  a  creamy  white,  shading  at  the  shallower  and  less  rapid 
parts  of  the  overflow  into  pale  salmon  and  pink,  and  these  to  orange, 
red,  and  burnt  sienna.  If  this  deposit  be  examined  with  a  lens  the 
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color  is  seen  to  be  due  to  a  fuzzy  growth  of  algae,  and  if  a  fragment 
be  carefully  dissolved  in  dilute  hydrochloride  the  fuzzy  coating  is 
found  to  be  only  the  tips  of  the  living  ends  of  algae  threads  buried  in 
the  deposit  beneath.  The  structure  is  fibrous  and  quite  like  the  upper 
layer  of  the  form  last  described.  Where  the  travertine  forming  the 
riffled  slopes  is  broken  down,  showing  its  general  structure,  it  is  seen 
to  consist  of  concentric  shells  or  curved  plates  of  varying  density 
and  thickness.  This  evidences  varying  conditions  of  deposition, 
such  as  changes  in  the  supply,  and  consequently  of  temperature, 
affecting  the  nature  of  the  plant  growth. 

Changes  of  structure  are  easily  produced  in  this  way,  as  the  com¬ 
pactness  of  the  deposit  depends  largely  upon  the  rapidity  of  deposi¬ 
tion,  being  least  where  most  quickly  formed.  Changes  may  also  be 
due  to  the  effect  of  sudden  cold  or  the  different  seasons,  as  intense 
cold  might  kill  the  plant  growth,  and  the  less  evaporation  of  the 
winter  months,  with  a  probable  less  vigorous  growth  of  the  algae, 
would  produce  a  thinner,  more  compact  layer  of  sinter.  In  general  it 
may  be  stated  that  variations  in  evaporation  and  in  the  growth  of 
the  algous  vegetation  will  produce  variations  in  the  structure  of  the 
deposit. 

Another  common  variety  is  formed  of  overlapping  layers  of  fibrous 
travertine,  resembling  a  thatched  roof ;  it  is  but  another  form  of 
that  making  the  fan-shaped  masses  and  is  produced  by  either  the 
white  or  green  filamentary  algae.  This  deposit  originates  the  pillars 
of  the  Pulpit  Basins  and  of  others  like  them. 

At  the  edges  of  the  Main  Springs  is  a  very  hard  laminated  sinter 
formed  by  the  evaporation  of  the  water  but  tinted  by  the  plant  life 
present.  The  lining  of  these  bowls  and  of  the  adjoining  pools  is 
formed  of  a  mossy  deposit  already  described. 

Coralloidal  travertine  is  found  in  many  quiet  basins  and  pools 
where  the  water  is  concentrated  by  evaporation  and  the  lime  crystal¬ 
lizes  out  upon  the  web  of  algae  threads  present  in  the  water,  produc¬ 
ing  very  delicate  forms  resembling  certain  species  of  corals.  Some¬ 
times  such  deposits  support  the  pellicle  of  lime  gathering  on  the 
surface,  and  thus  the  pool  is  completely  roofed  over.  The  stems  of 
this  variety  of  tufa  are  thickly  set  with  a  drusy  coating  of  crystals 
arranged  perpendicularly  to  the  surface  of  the  stem.  The  honey¬ 
combed  deposit  found  in  many  of  the  dry  and  empty  basins  is  formed 
by  the  rising  of  gas  bubbles  through  the  soft,  gelatinous  mass  of  the 
algae,  the  tubes  remaining  open  during  the  conversion  of  the  growth 
into  solid  travertine. 

WEATHERING  OF  THE  TRAVERTINE. 

Deprived  of  their  supply  of  water,  the  travertine  slopes  lose  their 
brilliant  colors,  which  soon  fade  out,  leaving  a  chalky  white  surface; 
this  darkens  by  prolonged  exposure  to  a  light  gray  and  in  a  few 
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years  to  tlie  dull  gray  tone  of  the  older  deposits.  This  gray  tint  is 
only  a  surface  coloration,  for  the  deposit  beneath  is  still  pure  white. 

Frost  is  the  greatest  foe  to  the  preservation  of  the  basins  and  ter¬ 
races.  In  winter  the  cool  overflow  from  the  springs,  with  rain  and 
melted  snow,  freezes  upon  the  surface  of  the  deposit,  and  thickening, 
tears  off  the  walls  of  the  terraced  basins  by  its  weight,  or  freezing  in 
the  porous  travertine  and  in  its  cracks  and  fissures,  opened  by  the 
settling  of  the  deposit,  pries  off  and  loosens  many  of  the  most  beauti¬ 
ful  forms  of  the  tufa.  A  judicious  distribution  of  the  overflow  from 
existing  springs  would,  however,  rebuild  and  repair  many  of  the 
ruined  and  crumbling  slopes  and  basins  without  detracting  from  the 
beauty  of  other  parts  of  the  deposit. 

Infiltrating  waters  from  the  overflow  of  the  springs  carrying  carbon¬ 
ate  of  lime,  effect  a  change  in  the  open  and  porous  tufa,  hardening  it 
into  a  denser  and  more  compact  rock.  The  travertine  is  also  altered 
by  steam  and  sulphurous  vapors  rising  through  it ;  steam  alone  often 
produces  a  coarsely  granular  structure  of  loosely  compacted  crystals. 
Where  the  vapors  are  sulphurous  the  tufa  is  converted  into  acicular 
crystals  of  gypsum,  generally  preserving  the  open  structure  of  the 
travertine,  with  sulphur  deposited  in  the  open  spaces. 

ORIGIN  OF  SILICEOUS  SINTER. 

With  the  exception  of  the  calcareous  waters  of  the  Mammoth  Hot 
Springs  already  described,  and  a  few  less  important  localities,  the  hot 
waters  of  the  Yellowstone  National  Park,  like  those  of  other  volcanic 
areas,  are  characterized  by  the  proportionately  large  amount  of  silica 
contained  in  solution.  These  springs,  like  those  of  Iceland,  may  be 
divided  into  two  groups,  of  acid  siliceous  and  of  alkaline  siliceous 
waters — a  distinction  quite  sufficient  for  the  purpose  of  this  article. 
The  acid  waters  include  the  Highland  springs,  those  of  Crater  Hills 
and  several  other  localities  in  the  Park,  and  are  generally  character¬ 
ized  by  deposits  of  sulphur  and  efflorescent  alum  salts,  while  the 
waters  contain  free  hydrochloric  or  sulphuric  acids.  The  alkaline 
springs  form  the  largest  of  the  two  groups,  comprising  the  geysers 
and  the  other  hot  springs  of  the  Geyser  Basins,  and  similar  hot- 
spring  areas. 

About  these  alkaline  hot  springs  the  mineral  deposits  consist 
almost  entirely  of  silica,  partly  as  opal  in  the  clay  and  less  decom¬ 
posed  rhyolite,  but  chiefly  as  siliceous  sinter,  a  surface  incrustation 
of  white  amorphous  silica.  This  sinter  forms  the  mounds  and  cones 
of  the  geysers  and  springs,  the  fretted  and  scalloped  rims  of  the 
quieter  pools,  and  the  great  white  flats  surrounding  the  springs. 

Although  such  deposits  of  siliceous  sinter  are  found  wherever  gey¬ 
ser  action  is  manifested,  and  quite  commonly  in  connection  with 
alkaline  hot  springs  in  all  parts  of  the  world,  the  deposits  of  Iceland, 
New  Zealand,  and  the  Yellowstone  Park  are  much  the  best  known 
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and  far  exceed  those  of  other  localities.  The  Iceland  deposits  have 
been  known  the  longest,  and  have  been  studied  by  many  observers. 
The  Haukadal  area  is  the  most  familiar,  as  it  is  here  that  the  Great 
Geyser  is  situated.  At  this  place  the  white  sinter  deposits  cover 
many  acres  of  ground  and  form  the  snow-white  basins  of  the  quietly 
boiling  springs,  and  the  mounds  of  Strokr  and  the  Geyser. 

The  New  Zealand  sinter  areas  are  similar  in  character,  but  the 
deposits  are  much  more  extensive  than  those  of  Iceland.  In  many 
parts  of  the  North  Island  there  are  sinter  flats  and  mounds  resem- 
ling  the  Iceland  and  Yellowstone  deposits,  but  in  neither  of  these 
countries  is  there  anything  to  equal  in  beauty  the  wonderful  stalactic 
basins  of  the  pink  and  white  terraces  of  Lake  Rotomahana,  which 
were  destroyed  in  the  volcanic  outbreak  of  1886.  The  sinter  deposits 
of  the  Yellowstone  National  Park  are,  however,  the  largest  known, 
covering  many  square  miles  at  the  different  geyser  basins  and  other 
hot  spring  localities.  There  is  probably  no  better  field  in  which  to 
study  the  different  varieties  of  silica  deposited  by  hot  spring  waters 
and  to  observe  the  conditions  under  which  they  are  formed.  In  the 
series  of  observations  carried  on  by  the  writer,  it  has  been  found 
that  a  large  proportion  of  the  siliceous  sinter  of  the  different  geyser 
basins  is  formed  by  the  agency  of  vegetable  life,  algse  and  mosses 
living  in  the  siliceous  water,  and  it  is  these  deposits  and  their  origin 
that  are  of  special  interest  in  this  part  of  the  present  paper. 

The  formation  of  siliceous  sinter  by  plant  life  has  been  found  to 
be  going  on  at  many  hot-spring  areas  in  the  Park,  in  fact  wherever 
alkaline  siliceous  waters  are  found;  but  since  it  is  necessary  to  select 
some  particular  place  where  the  details  of  such  growths  may  be  de¬ 
scribed,  the  Upper  Geyser  Basin  of  the  Firehole  River  is  chosen,  as 
it  is  easily  accessible  and  is  seen  by  all  visitors  to  the  Park. 

UPPER  GEYSER  BASIN  OF  THE  FIREHOLE  RIVER. 

GENERAL  DESCRIPTION. 

The  Upper  Geyser  Basin  of  the  Firehole  River  lies  10  miles  west 
of  Yellowstone  Lake,  39  miles  south  of  the  north  boundary,  and  11 
miles  east  of  the  western  boundary  of  the  Park,  and  is  reached  by  a 
stage  ride  of  8  miles  from  the  Lower  Firehole,  or  of  50  miles  from 
the  Mammoth  Hot  Springs.  The  altitude  is  about  7,300  feet  above 
sea  level,  but  though  the  basin  is  quite  near  the  continental  divide 
which  separates  the  drainage  of  the  Pacific  from  that  of  the  Atlantic 
Ocean,  it  occupies  a  well-marked  depression  in  the  great  rhyolite 
plateau  of  the  Park.  Situated  almost  on  the  crest  of  the  continent, 
it  is  yet  somewhat  distant  from  the  mountain  ranges  of  the  Park, 
and  is  about  equally  removed  from  the  Gallatin  range  on  the  north, 
the  volcanic  peaks  of  the  Absarokas  on  the  east,  and  the  Teton  up¬ 
lift  on  the  south. 
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The  area  of  about  two  square  miles  comprising  the  Upper  Basin,  as 
it  is  commonly  called,  has  a  fairly  level  surface,  li  miles  in  extreme 
width,  and  2i  miles  long.  This  is  inclosed  between  the  abrupt  cliffs 
of  the  Madison  Plateau  on  the  west  and  north  and  the  heavily 
wooded  slopes  of  the  continental  divide  on  the  south  and  east.  The 
rhyolite  which  forms  these  barrier  walls,  and  is  well  exposed  in  the 
cliffs  about  the  basin,  also  forms  the  floor  of  the  valley  itself,  but  is 
generally  concealed  either  by  a  sheet  of  siliceous  sinter  in  the  vicinity 
of  the  hot  springs,  or  by  its  own  ddbris,  a  black  pearlitic  sand.  The 
Firehole  River  and  its  branches,  the  Little  Firehole  and  Iron  Creek, 
drain  the  basin  ;  the  Firehole  flows  through  the  eastern  part  of  the 
area,  and  most  of  the  geysers  and  hot  springs  are  situated  upon  or 
close  to  its  banks.  Except  where  covered  by  sinter  or  hot  water 
marsh,  the  surface  is  timbered  with  a  thick  growth  of  pine  ( Pinus 
Murray  ana),  and  scattering  trees  are  also  found  over  the  older,  dis¬ 
integrating  deposits  of  sinter.  These  sinter  areas  form  the  most 


Fig.  54.  General  view  of  part  of  the  Upper  Geyser  Basin. 

striking  feature  of  the  topography  of  the  basin,  and  the  bare  white 
flats  and  sinter  mounds  are  in  strong  contrast  with  the  dark  green 
of  the  neighboring  forest.  The  mass  of  sinter  deposited  by  the  hot 
water  is  so  large  that  it  has  materially  changed  the  original  surface 
of  the  ground.  Fig.  54  shows  the  appearance  of  the  central  part  of 
the  main  geyser  area,  seen  from  the  slopes  near  the  Grand  Geyser. 
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This  sinter  covering  is  variable  in  thickness,  the  maximum  depth 
being  about  thirty  feet  around  several  of  the  older  vents,  a  thickness 
which  attests  the  great  age  of  the  thermal  action.  The  sinter  sheet 
is  constantly  extending  its  boundaries,  as  shown  by  dying  and  dead 
trees  and  other  vegetation  standing  in  the  silica,  but  a  gradual  dying 
out  of  the  older  vents  permits  a  slight  surface  disintegration  of  the 
deposit,  with  a  gradual  encroachment  of  vegetation  upon  it. 

But  few  of  the  many  hundred  springs  of  the  Upper  Basin  are  tur¬ 
bid  or  muddy,  and  the  pools  are  generally  characterized  by  the  ex¬ 
quisite  clearness  of  the  water,  which  appears  of  varying  shades  of 
blue  or  green,  according  to  the  depth  and  amount  of  light  admitted. 
If  the  water  be  quiet,  the  transparency  is  such  that  the  minute  de¬ 
tails  of  the  basin  can  be  seen,  even  at  depths  of  20  feet  or  more.  In 
the  quieter  springs,  where  the  temperature  does  not  exceed  150°  F. , 
the  basins  are  often  lined  with  a  more  or  less  abundant  algous  growth, 
whose  orange,  red,  yellow,  brown,  and  green  tints  impart  new  shades 
to  the  water.  Though  there  are  many  of  these  laugs  the  greater 
number  of  springs  possess  a  temperature  approaching  or  equaling 
198°  F.,  the  boiling  point  at  this  altitude,  and  in  such  springs  the 
water  is  usually  in  constant  or  intermittent  ebullition.  Around  the 
margins  of  such  springs  a  rim  of  silica  is  generally  built  up  by  the 
hot  waters.  The  inner  surface,  where  constantly  wet  by  steam  and 
spray,  is  a  bright,  tawny  yellow,  the  deposit  being  sponge-like  in  form 
and  in  color,  though  composed  of  hard  silica.  The  outer  surface  of 
these  rims  is  generally  gray,  often  ornamented  with  oearls  or  bead- 
work  of  most  delicate  structure. 

At  the  margins  of  more  tranquil  springs  a  flat  projecting  crust  or 
edging  of  white  sinter  is  found,  sometimes  extending  out  over  the 
water  and  even  roofing  over  parts  of  the  spring,  as  shown  in  Fig.  55. 
This  edging  of  white  sinter  is  oftentimes  scalloped  in  outline,  each 
scallop  closely  resembling  fungus  growths  common  on  the  bark  of 
trees  in  damp  woods.  Many  of  the  springs  have  received  appro¬ 
priate  names,  such  as  Sapphire  Pool,  the  Morning  Glory,  and  Chro¬ 
matic  Spring,  but  many  more,  perhaps  equally  beautiful,  remain 
unnamed.  It  is  not  easy  to  draw  a  sharp  line  between  hot  springs 
and  geysers,  nor  is  it  at  all  necessary  ;  for  there  is  every  gradation^ 
from  a  quiet  pool  with  simple  intermittent  increase  in  temperature 
to  the  great  fountains  of  boiling  water  which  provoke  our  wonder 
and  our  admiration.  Forty-eight  geysers  are  known  in  this  basin 
each  possessing  such  peculiarities  of  eruption  or  surroundings  as  to 
make  it  of  interest  and  distinguish  it  from  its  fellows.  Most  of  these 
were  named  by  the  earlier  visitors  to  the  Park,  who  christened  the 
Giant,  Bee  Hive,  Old  Faithful,  and  other  equally  familiar  geysers. 

Even  this  brief  description  of  the  Upper  Geyser  Basin  is  incom¬ 
plete  without  some  mention  of  the  brilliant  colors  noticed  wherever 
the  hot  waters  flow.  These  multitudinous  tints  of  red  and  yellow, 
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green  and  brown,  are  all  produced  by  the  growth  of  hot-water  algae, 
which,  as  I  shall  show  further  on,  eliminate  silica  from  the  hot 
waters  by  their  vital  growth,  and  contribute  largely  to  the  building 
up  of  the  sinter  deposits,  besides  giving  them  their  brilliant  tints. 


Fig.  55.  Avoca  Spring,  Upper  Geyser  Basin. 


CHARACTER  OF  THE  HOT  SPRING  WATERS. 

The  hot  waters  of  the  Upper  Basin  are  mostly  clear  and  perfectly 
transparent  and  show  in  perfection  the  blue-green  tints  of  pure 
water  in  the  many  spring  bowls  and  basins.  In  many  of  the  springs 
an  iridescent  effect  is  seen  in  the  water,  which  is  not  due  to  a  film  on 
the  surface,  but  is  caused  by  the  reflection  of  light  from  circulating 
currents.  Tested  with  litmus  paper,  the  water  is  either  neutral  or 
feebly  alkaline  in  reaction,  and  it  generally  possesses  a  slight  sul¬ 
phurous  odor.  When  cold  it  is  flat  and  insipid  in  taste  and  scarcely 
palatable,  but  is  not  injurious.  These  alkaline-siliceous  waters  are 
similar  in  character  but  vary  slightly  in  the  amount  of  material  held 
in  solution.  Chemical  analysis  shows  this  to  consist  of  silica  and  of 
readily  soluble  alkaline  and  earthy  salts,  which  are  retained  in  solu¬ 
tion  and  carried  off  by  the  surface  drainage,  while  a  large  part  of  the 
silica  is  deposited  about  the  springs  and  geysers. 

The  following  analyses,  made  for  the  Geological  Survey  of  the 
Park  by  Prof.  P.  A.  Gooch  and  J.  E.  Whitfield,  show  the  composi- 
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tion  of  the  geyser  waters  of  this  basin.  Analyses  are  also  given 
of  the  water  from  the  Great  Geyser  of  Iceland,  and  from  the  New 
Zealand  geysers,  the  former  by  Damour,1 2  the  latter  by  Smith.3 

Analyses  of  geyser  waters. 


[Constituents  grouped  in  probable  combination.  Grammes  per  kilogram.] 


Asta 

Spring. 

Splendid 

Geyser. 

Grand 

Geyser. 

Old 

Faithful 

Geyser. 

Great 

Geyser, 

Iceland. 

White 

Terrace 

Geyser, 

New 

Zealand. 

Si03,  silica . 

.1650 

.2964 

.3035 

.3961 

.5190 

.6060 

NaCl,  sodium  chloride . 

.1320 

.4940 

.5643 

.6393 

.  2379 

1.6220 

LiCl,  lithium  chloride . 

.0048 

.0140 

.0218 

.0340 

*  0950 

KC1,  potassium  chloride . 

.0221 

.0231 

.0319 

.0478 

KBt,  potassium  bromide . 

Trace 

.0051 

Na3S04,  sodium  sulphate . 

.0575 

.0281 

.0387 

.0270 

1342 

NaoB407,  sodium  borate . 

.0335 

.0350 

.0213 

Na2As03,  sodium  arseuiate . 

.0025 

.0014 

.0027 

Na3Si03,  sodium  silicate  . 

.0279 

t.  2290 

Na3C03  sodium  carbonate . 

.  1463 

.5286 

.  3209 

.2088 

.2567 

MgC03,  magnesium  carbonate  . . 

.0035 

.0018 

None  . . . 

.0021 

Trace . 

CaCG3,  lime  carbonate . 

.0295 

.0075 

.0070 

.0038 

.025 

FeC03,iron  carbonate . 

.0001 

Trace. . 

A1303,  alumina . 

.0112 

.0051 

0061 

.0017 

.005 

H3S,  hydrogen  sulphide . 

Trace . 

.0002 

NH4C1,  ammonium  chloride . 

.0002 

.0012 

Trace . . . 

C03 ,  carbonic  acid . 

.  1045 

.  1989 

.0587 

K3S04 ,  potassium  sulphate . 

.0180 

.0750 

MgS04 ,  magnesium  sulphate  .... 

.0091 

Na2S,  sodium  sulphide . 

.0088 

Total . 

.6764 

1.6340 

1.3905 

1.3908 

1.2305 

2. 6570 

Specific  gravity . 

1.00132 

1.00108 

1.00096 

1.000205 

1.00077 

*CaCl3  t  NaaO. 


FORMATION  OF  SILICEOUS  SINTER. 

The  separation  and  deposition  of  silica  from  hot  spring  waters  in 
the  form  of  siliceous  sinter  has  been  ascribed  by  different  writers  to 
one  or  more  of  the  following  causes  : 

(1)  Relief  of  pressure. 

(2)  Cooling. 

(3)  Chemical  reaction. 

(4)  Evaporation. 

At  the  Norris  Geyser  Basin  the  first  two  causes  produce  a  separa¬ 
tion  of  silica  from  the  hot  waters,  but  the  waters  of  the  other  geyser 
basins  contain  very  much  less  silica,  and  as  far  as  observed  neither 
relief  of  pressure  nor  cooling  will  produce  a  separation  of  the  silica. 
Water  collected  from  the  springs  and  geysers  of  the  Upper  and 
Lower  Geyser  basins  was  perfectly  transparent,  and  remains  clear 


•Ann.  Chem.  u.  Pliarm.,  vol.  62,  1847,  p.  49. 

2  Jour,  fur  prakt.  Chemie,  vol.  89,  1863,  p.  186. 
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and  without  sediment  after  standing  several  years.  Experiments  in 
the  laboratory  show  that  the  silica  in  these  waters  remains  dissolved 
even  when  the  water  is  cooled  down  to  the  freezing  point,  and  it  is 
only  after  the  crystallization  of  the  water  by  freezing  that  the  silica 
is  separated  and  settled  down  as  an  insoluble  flocculent  precipitate 
upon  melting  the  ice. 

The  formation  of  sinter  by  the  waters  of  the  Iceland  geyser,  which 
analysis  shows  to  be  similar  to  the  waters  of  the  Upper  Basin  in 
character,  but  more  heavily  charged  with  silica,  is  explained  by 
Damour1  and  Descloiseaux  by  supposing  the  silica  to  be  present  in 
solution,  as  an  alkaline  silicate,  which  is  decomposed  by  uprising 
sulphurous  and  hydrochloric  vapors  into  free  hydrated  silica  and 
alkaline  salts.  From  the  supersaturated  solution  of  silica,  formed 
in  this  way  the  silica  separates  out  in  the  form  of  sinter.  In  several 
analyses,  Damour  found  a  constant  relation  of  3  : 1  between  the  oxy¬ 
gen  of  the  silica  and  that  of  the  bases;  when  the  alkalies  are  present 
partly  as  chlorides  and  sulphates,  formed  by  the  decomposition  of  the 
alkaline  silicates,  the  relation  existing  between  the  oxygen  of  the 
silica  and  that  of  the  bases  of  the  undecomposed  silicates  was  found 
to  vary  from  1 : 5  to  1:9,  and  wherever  the  latter  proportion  pre¬ 
vailed,  as  it  does  in  the  water  of  the  Great  Geyser,  silica  is  deposi¬ 
ted,  the  amount  deposited  each  day  corresponding  to  the  quantity  of 
the  alkali  saturated  in  that  time  by  the  action  of  the  acid  vapors  or 
by  the  oxidation  into  sulphates  of  the  alkaline  sulphides  in  contact 
with  the  air.  Laboratary  experiments  show  that  the  waters  of  the 
Upper  Basin  remain  unaltered  upon  saturating  them  with  hydrogen 
sulphide,  and  that  the  silica  is  probably  present  in  solution  as  free 
hydrated  silica. 

LeConte  and  Rising2  suppose  the  precipitation  of  silica  taking 
place  at  Sulphur  Bank,  Cal.,  to  be  due  to  the  neutralization  of  the 
upcoming  hot  alkaline  waters  by  descending  acid  solutions,  a  pro¬ 
cess  evidently  not  in  operation  at  the  geysers  of  the  Upper  Basin. 

Roscoe  and  Schorlemmer  3  state  that  the-  alkaline  silicates  of  the 
Iceland  waters  are  decomposed  by  the  carbonic  acid  of  the  atmos¬ 
phere  with  a  formation  of  alkaline  carbonates  and  free  silica,  the 
latter  being  deposited.  This  gas,  passed  through  the  Upper  Basin 
waters  for  several  hours,  produced  no  visible  effect  upon  the  water. 
Bunsen,  to  whom  we  are  indebted  for  the  accepted  theory  of  geyser 
action,  ascribed  the  formation  of  the  Iceland  sinters  to  the  evapora¬ 
tion  of  the  water.4  His  experiments  showed  that  the  silica  of  the 
geyser  water  was  not  deposited  upon  cooling  and  only  separated  out 
upon  the  advanced  concentration  of  the  water,  but  was  readily  de- 

1  Philos.  Mag.,  London,  1847,  vol.  30,  p.  405. 

2  Am.  Jour.  Sci. ,  3d  series,  vol.  24,  p.  33. 

3  Treatise  on  Chemistry,  vol.  1,  p.  571. 

4  Pseudo-volcanic  phen.  of  Iceland:  Memoirs  of  Cav.  Soc.,  Graham,  1848,  p.  336. 
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posited  by  evaporation.  This  cause  produces  some  of  the  siliceous 
sinter  found  about  the  hot  springs  and  geysers  of  the  Upper  Basin, 
but  it  is  to  the  vegetation  present  in  these  hot  waters  that  we  must 
credit  the  formation  of  the  greater  part  of  the  siliceous  deposits  of 
the  geyser  basins. 

ALGOUS  VEGETATION  OF  THE  HOT  WATERS. 

Algse  are  found  in  the  thermal  waters  of  the  Upper  Geyser  Basin 
wherever  the  temperature  is  not  too  high  to  permit  their  develop¬ 
ment.  The  limiting  degree  of  heat  at  which  they  have  been  found 
is  185°  F.,  but  the  algous  filaments  are  often  found  at  that  tempera¬ 
ture,  though  such  plants  are  immature  and  poorly  developed,  and  it 
is  not  until  the  waters  have  cooled  down  to  a  temperature  approxi¬ 
mating  140°  F.  that  these  growths  attain  their  full  development.  In 
these  cooler  waters  their  vegetable  nature  is  more  easily  recognizable, 
for  the  waving  green  filaments,  or  the  red  and  brown  leathery  sheets 
lining  the  springs,  closely  resemble  sea  weeds  found  on  our  coasts. 
But  in  the  hotter  waters  the  material  hardly  suggests  the  presence 
of  vegetable  matter,  the  densely  gelatinous  substance  resembling 
mineral  or  possible  cartilaginous  animal  material.  The  colors  of 
these  growths  are  generally  quite  brilliant,  either  golden-yellow, 
orange,  or  red,  and  in  the  hottest  waters  pale  flesh-pink,  or  even 
white.  These  algse  are  often  so  thickly  encrusted  by  silica  that  the 
plant  structure  is  not  recognizable  even  under  the  microscope,  and 
their  presence  is  often  only  to  be  distinguished  by  the  color.  It  has 
been  found  that  the  color  of  the  growth  depends  upon  the  tempera¬ 
ture  of  the  water  so  that  differences  in  color  mark  different  degrees 
of  heat.  Some  of  the  most  striking  color  effects  of  the  Upper  Basin 
are  due  to  this  fact,  such  as  the  ribbon-like  stripes  of  overflow  chan¬ 
nels,  and  the  concentric  rings  of  color  found  in  shallow  flaring  hot 
spring  bowls,  and  reaching  a  wonderful  development  in  the  Pris¬ 
matic  Lake  of  the  Midway  Basin. 

The  general  sequence  of  colors  is  well  illustrated  by  the  occur¬ 
rence  of  such  growths  in  overflow  streams  with  a  constant  volume, 
such  as  the  outlet  of  the  Black  Sand.  As  the  water  from  this  spring 
flows  along  its  channel  it  is  rapidly  chilled  by  contact  with  the  air 
and  by  evaporation,  and  is  soon  cool  enough  to  permit  the  growth 
of  the  more  rudimentary  forms  which  live  at  the  highest  tempera¬ 
ture.  These  appear  first  in  skeins  of  delicate  white  filaments  which 
gradually  change  to  pale  flesh-pink  farther  down  stream.  As  the 
water  becomes  cooler  this  pink  becomes  deeper,  and  a  bright  orange, 
and  closely  adherent  fuzzy  growth,  rarely  filamentous,  appears  at 
the  border  of  the  stream,  and  finally  replaces  the  first-mentioned 
forms.  This  merges  into  yellowish-green* which  shades  into  a  rich 
emerald  farther  down,  this  being  the  common  color  of  fresli-water 
algse.  In  the  quiet  waters  of  the  pools  fed  by  this  stream  the  algse 
9  geol - 42 
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present  a  different  development,  forming  leathery  sheets  of  tough 
gelatinous  material  with  coralloid  and  vase-shaped  forms  rising  to 
the  surface,  and  often  filling  up  a  large  part  of  the  pool.  Sheets  of 
brown  or  green,  kelpy  or  leathery,  also  line  the  basins  of  warm 
springs  whose  temperature  does  not  exceed  140°  F.,  but  in  springs 
having  a  higher  temperature  the  only  vegetation  present  forms  a 
velvety,  golden-yellow  fuzz  upon  the  bottom  and  sides  of  the  bowl. 
This  growth  is  rarely  noticed  in  springs  where  the  water  exceeds 
160°,  except  at  the  edge  of  the  pool.  If  the  basin  is  funnel-shaped, 
like  that  illustrated  in  Fig.  56,  with  flaring  or  saucer-shaped  ex¬ 
pansion,  algae  grow  in  the  cooler  and  shallower  water  of  the  margin, 
forming  concentric  rings  of  yellow,  old  gold  and  orange,  shading 
into  salmon-red  and  crimson,  and  this  to  brown  at  the  border  of  the 
spring.  Around  such  springs  the  growth  at  the  margin  often  forms 
a  raised  rim  of,  spongy,  stiff  jelly,  sometimes  almost  rubber-like  in 
consistency,  and  red  or  brown  in  color.  Evaporation  of  the  water 
drawn  up  to  the  top  of  such  rims  leaves  a  thin  film  of  silica,  which 
thickens  to  a  crust  and  so  aids  in  the  production  of  a  permanent 
sinter  rim. 

Where  the  overflow  from  a  spring  spreads  out  over  the  surface  of 
a  mound  the  algse  often  grow  in  cushions  of  red,  white,  brown  or 
green  jelly,  generally  mistaken  for  simple  gelatinous  silica  colored 
with  iron,  and  indistinguishable  from  simple  mineral  material  to  the 
naked  eye,  though  the  putrid  odor  of  such  material  removed  from 
the  water  and  allowed  to  decay  indicates  its  organic  nature.  In  the 
pools  and  basins  about  most  of  the  geysers  the  bright  orange  algse 
form  a  velvety  nap  upon  the  smooth  surface  of  the  sinter.  This  is 
easily  recognizable  in  the  pools  about  the  Jewel  Geyser,  but  the 
same  growth  occurring  in  the  basins  about  Old  Faithful,  and  very 
generally  in  the  overflow  channels  of  all  the  geysers,  is  so  obscured 
by  the  silica  deposit  about  it  that  it  is  only  noticeable  because  of  its 
brilliant  color  and  the  slippery  feeling  it  imparts  to  the  surface. 

ALGJE  POOLS  AND  CHANNELS. 

The  vegetation  of  the  hot  spring  waters  attains  its  maximum  de¬ 
velopment  in  the  self-formed  pools  and  basins  found  near  the  Emer¬ 
ald  and  the  Black  Sand  springs  of  the  Upper  Basin  and  the  Jelly 
Spring  of  the  Lower  Geyser  Basin.  This  is  largely  because  of  the 
great  and  constant  volume  of  the  overflow  from  such  springs,  taken 
in  the  natural  water-ways  and  pools  which  the  algse  form,  and  dis¬ 
tributed  by  a  nicely-adjusted  system,  by  which  the  continual  in¬ 
crease  and  growth  of  different  parts  of  the  overflow  area  are  pro¬ 
moted  and  fostered.  At  such  places  the  formation  of  sinter  by  these 
plant  growths  goes  on  rapidly,  and  the  various  gradations  may  be 
seen,  from  the  soft  jelly  to  the  firm  and  hard  sinter,  into  which  it  is 
transformed. 
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One  of  the  best  places  to  observe  such  pools  is  the  flat  about  the 
Emerald  Spring,  where  the  sinter  is  all  of  algous  origin.  The  Em¬ 
erald  Spring,  whose  clear  green  depths  make  the  name  a  most  appro¬ 
priate  one,  is  situated  on  the  west  bank  of  Iron  Creek,  about  three- 
fourths  of  a  mile  west  of  the  Upper  Geyser  Hotel.  The  bowl  is  36 
feet  wide,  30  feet  to  40  feet  long,  and  35  feet  deep,  surrounded  by 
a  shallow  basin  or  marginal  area  1  to  5  feet  wide,  outlined  and 
rimmed  by  a  low  border  of  firm  algous  jelly  whose  upper  surface  is 
whitened  by  silica  left  by  evaporation.  The  water  is  apparently 
perfectly  clear  and  free  from  suspended  material,  and  it  possesses  a 
temperature  of  150°  in  the  spring  bowl.  The  bottom  and  sides  of 
this  bowl  are  formed  of  a  creamy  gray  siliceous  mud,  particles  of 
which  are  probably  held  in  suspension  in  the  water.  This  is  covered 
by  a  fuzzy  growth  of  light  canary-yellow  algae.  This  coloration  is 
best  seen  near  the  edge  of  the  bowl,  though  in  the  shallower  water  of 
the  margin  the  color  is  deeper,  and  in  the  recesses  where  the  tempera¬ 
ture  is  but  135°  F.  the  growth  is  brownish-green  at  the  surface,  under¬ 
laid  by  bright  red,  and  forms  a  soft,  leathery  sheet  on  the  bottom. 

The  overflow  of  the  spring  is  very  uniform  in  volume,  and  leaves 
the  basin  at  the  southwest  end,  running  off  in  a  channel  2  to  4  feet 
wide  and  half  an  inch  to  2  inches  deep.  This  channel  is  lined  with 
a  thin  membraneous  sheet,  whose  gamboge  yellow  shades  gradually 
into  a  yellowish  green,  with  dull  red,  and  olive  greens  at  the  borders 
of  the  stream.  Twenty  feet  from  the  outlet  the  stream  broadens 
into  an  area  of  algse  channels  and  basins,  outlined  and  dammed  up 
by  the  algous  growth.  PI.  LXXXII  shows  a  portion  of  this  area, 
photographed  after  draining  off  the  water.  In  the  foreground  is  the 
water-way,  inclosed  by  the  algous  growth  'at  the  sides,  its  floor  dotted 
with  insular  masses  of  the  same  material,  the  normal  water  level 
being  up  to  their  tops.  In  the  background  is  seen  a  part  of  the  sur¬ 
rounding  flat  with  dead  tree  trunks  standing  upright  in  the  sinter, 
their  lower  portions  white  with  silica  left  by  the  evaporation  of 
water  drawn  up  by  capillary  force.  The  algous  forms  seen  in  this 
illustration  are  quite  characteristic  of  the  growth  where  the  condi¬ 
tions  permit  its  full  development.  This  water-way  is  floored  with  a 
sheet  of  olive  or  emerald  green,  kelpy  jelly.  Where  there  is  a  mod¬ 
erate  current  this  lining  is  nearly  smooth,  resembling  a  sheet  of 
Avet  leather,  but  in  quieter  Avater  this  soft  carpet  is  dotted  Avith  Avarty 
excrescences  and  little  pillars  produced  by  their  upward  growth  ;  the 
latter  sometimes  terminates  by  balloon-like  caps  or  globes  contain¬ 
ing  a  bubble  of  gas.  When  in  the  early  stages  of  their  growth  these 
slender  spines  or  pillars  consist  of  soft  gelatinous  material,  sinking 
to  a  shapeless  mass  of  jelly  Avhen  removed  from  the  water,  but  as 
they  increase  in  height  and  in  diameter  a  firmer  siliceous  center  is 
formed  which  gives  stability  to  such  shapes.  When  by  their  up¬ 
ward  growth  these  pillars  reach  the  surface  of  the  pool  they  increase 
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rapidly  in  diameter,  particularly  at  the  water  level,  and  a  cup¬ 
shaped  cap  or  crown  is  soon  formed  upon  the  pillar,  often  with  a 
vase- like  shape.  If  several  of  these  grow  near  together  the  caps  ex¬ 
tending  laterally  soon  unite,  and  form  the  peculiar  masses  seen  in  PI. 
LXXXII.  The  continued  growth  of  new  pillars  gradually  fills  up 
parts  of  the  channel  and  eventually  pond  back  the  water,  partially  at 
first  and  at  last  entirely.  In  this  case  the  increased  depth  of  water 
resulting  permits  a  further  upward  growth  of  the  algse,  and  a  series 
of  pools  or  basins  sometimes  results,  in  which  the  water  levels  are 
quite  different,  while  the  water  cooled  in  passing  from  pool  to  pool 
possesses  different  temperatures  in  each.  A  close  view  of  such  a 
basin  is  shown  in  PI.  LXXXIII,  part  of  the  same  area  shown  in  PI. 
LXXXII.  The  algous  growth  has  here  dammed  up  a  channel  forming 
a  little  basin  already  partly  filled  with  isolated  pillars  and  aggregates 
these  growths.  The  continued  growth  of  the  algae  raises  the  water  of 
level  until  finally  the  enfeebled  current  brings  but  a  small  supply, 
with  a  consequent  gradually  lowered  temperature,  not  only  for  the 
basin  itself,  but  also  in  adjacent  pools  whose  supply  may  have  been 
entirely  cut  off.  In  such  cases,  the  nature  of  the  growth  changes  ; 
it  is  not  known  that  life  ceases,  though  it  seems  probable  that  these 
algae  die,  and  new  species  are  introduced.  At  any  rate,  the  bright- 
colored  algous  jelly  forming  the  outer  covering  of  the  pillars  and 
algae  vases  changes  to  light  salmon  pink,  and  the  substance  itself 
becomes  noticeably  siliceous  or  forms  a  filmy  web  upon  the  siliceous 
center.  There  is  as  yet  no  increment  of  silica,  but  a  simple  shrink¬ 
ing  and  hardening  of  the  gelatinous  envelope,  but  if  the  tempera¬ 
ture  be  gradually  reduced  to  85°  F.  or  90°  F.  these  forms  become 
coated  with  a  mossy  incrustation  of  hard  silica,  and  the  algous  struc¬ 
ture  and  outlines  are  obscured  or  concealed  by  the  coral-like  coating. 

If  instead  of  this  gradual  reduction  of  the  volume  and  tempera¬ 
ture  of  the  supply,  the  water  is  completely  shut  off  suddenly,  the 
gelatinous  material  dries  up,  for  the  water  in  the  basin  either  evap¬ 
orates  or  oozes  through  the  porous  growth.  In  this  case  the  algse 
soon  lose  their  bright  colors,  which  fade  like  those  of  the  Mammoth 
Hot  Springs  to  a  delicate  salmon  pink,  and  finally  pure  white,  be¬ 
coming  light  but  firm  structures  of  opaque  white,  hydrated  silica. 
Generally  the  pools  have  been  filled  up  by  the  pillars,  and  often¬ 
times  completely  roofed  over  by  their  tops,  before  the  desiccation  of 
such  areas  leaves  them  a  bare  white  flat.  In  many  parts  of'  the 
Upper  Basin,  the  crust  or  surface  of  the  sinter  flats  can  be  broken 
through,  exposing  a  structure  that  makes  the  origin  of  the  deposit 
at  once  apparent  to  one  familiar  with  the  algous  forms  of  hot  water 
pools. 

A  number  of  simple  experiments  were  made  with  the  overflow  of 
the  Emerald  Spring  to  determine,  first,  the  rapidity  with  which  the 
algse  establish  themselves  in  new  overflow  channels,  and  secondly, 
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the  effect  of  a  diminished  supply  and  of  temperature  upon  existing 
growths,  and  the  final  death  of  the  algse  when  the  water  is  completely 
shut  off.  Cutting  an  outlet  in  the  margin  of  the  spring  the  outflow 
ran  over  a  surface  of  compact,  hard  and  dry  sinter.  On  the  second 
day  this  surface  showed  a  very  faint  yellowish  coloring;  the  third 
day  this  was  easily  noticed,  and  occurred  in  patches  and  not  uniformly 
over  the  surface.  Two  weeks  later,  the  greater  part  of  the  over¬ 
flowed  area  was  covered  with  a  fuzzy  golden-green  growth,  which 
was  coherent  and  membraneous  in  a  few  places,  but  which  as  yet 
showed  no  traces  of  the  pillars  and  related  forms  found  in  the  old 
basins.  Where  the  rim  of  the  spring  had  been  cut,  a  shallow  recess 
had  permitted  a  partial  cooling  of  the  water,  and  an  olive-colored, 
leathery  sheet  covered  the  floor.  The  current  resulting  from  the 
overflow,  immediately  raised  the  temperature  above  this  growth, 
which  soon  looked  blistered  and  pale,  and  changed  in  the  course  of 
a  few  days  to  pale,  yellowish  green.  Reducing  the  supply  of  the  algae 
channel  and  pools  (PI.  LXXXII.)  caused  no  change  in  the  growth 
still  covered  by  the  water,  in  the  first  two  days,  but  that  portion  of 
the  growth  left  exposed  to  the  sun  soon  began  to  dry  and  shrink.  In 
twenty-four  hours  the  dark  emerald  green  of  the  leathery  sheets  had 
changed  to  dark  purple,  and  where  driest  to  black  with  a  shining 
metallic  luster.  In  drying,  the  siliceous  jelly  shrank  considerably, 
and  in  consequence  the  surface  layers  had  curled  up  in  irregular 
patches,  exposing  the  underlying  layers  of  crimson  jelly.  No  odor 
was  yet  perceptible,  but  flies  gathered  thickly  upon  many  parts  of 
the  decomposing  vegetation.  In  those  pools,  where  growth  had  pre¬ 
viously  ceased,  the  algous  forms  were  rapidly  drying,  the  pink  tint 
fading,  and  the  more  delicate  parts  already  white  and  dry. 

On  the  third  day  the  surface  layer  of  the  leathery  sheets  was  still 
more  cracked  up,  the  patches  curled,  with  their  edges  white  and  dry, 
the  underlying  red  jelly  drying  to  rose  pink,  while  the  odor  of  decay¬ 
ing  organic  matter  was  strong  and  repulsive.  The  lowered  temper¬ 
ature  of  the  water  had  now  effected  the  growth  beneath  it,  and  the 
olive  and  green  flow  showed  patches  of  reddish  brown,  pink,  and 
deep  green.  The  supply  of  water  being  restored  to  portions  of  the 
water-way,  the  growth  did  not  recover  as  rapidly  as  was  expected. 
The  lustrous  black  of  the  decaying  vegetation  changed  in  the  course 
of  a  few  days  to  spotted  purple  patches,  but  the  red  layers,  still  ex¬ 
posed,  changed  to  salmon.  There  is  no  doubt  that  if  the  water  sup¬ 
ply  had  not  been  restored  the  colors  would  have  gradually  faded 
out,  leaving  a  white  area  of  siliceous  material  as  light  as  cork,  where 
formed  from  the  soft  and  jelly-like  algrn,  but  heavier  and  denser, 
where  the  older  forms  had  grown,  -this  being  the  result  at  other 
places  where  similar  pools  are  found. 

If  specimens  of  the  different  varieties  of  the  growth  be  removed 
from  the  water  and  allowed  to  dry  rapidly,  the  jelly  contracts  greatly 
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in  drying,  the  air-dried  material  being  about  one-third  the  bulk  of 
the  moist  jelly.  The  gelatinous  coating  of  the  pillar  and  vase-shaped 
forms  curls  up  in  thin  flakes,  whose  outer  surface  retains  the  color  of 
the  growth,  exposing  the  light  flesh-colored  siliceous  frame-work  of 
the  algse. 

The  tendency  of  the  algous  growths  to  form  terraced  basins  is 
beautifully  illustrated  in  the  basins  supplied  by  the  waters  of  the 
Jelly  Springs  at  the  base  of  the  mound  of  the  Fountain  Geyser.  In 
these  basins  the  different  stages  of  sinter  forming  are  sharply  drawn, 
from  the  soft  and  brightly  colored  jelly  to  a  hard  and  stony  sinter. 

PL  LXXXIV  shows  the  uppermost  of  these  basins;  the  dam  pond¬ 
ing  back  the  water  is  about  a  foot  high,  and  is  formed  of  a  fibrous  sin¬ 
ter,  hard  and  stony  below,  but  grading  into  a  softer  material  of  cheesy 
consistency  above,  passing  into  red  and  green  algous  jelly.  The 
algae  of  this  pool  or  basin  are  brightly  colored,  and  the  forms  resem¬ 
ble  those  of  the  Emerald  Spring,  but  the  pillars  are  taller,  owing  to 
the  greater  depth  of  the  water. 

In  a  lower  basin,  shown  in  PI.  LXXXY,  the  water  is  nearly  cold, 
and  though  the  forms  are  the  same  as  those  found  in  the  basin  above 
there  is  no  trace  of  the  red,  yellow,  and  green  algous  jelly.  A  close 
view  of  the  forms  found  in  this  basin  is  given  in  the  cut  (Fig.  56). 
In  the  basin,  while  covered  by  water,  these  peculiar  structures  are 
light  pink,  but  they  become  white  upon  drying.  The  tops  of  the 
forms  shown  in  the  illustration  are  margined  and  capped  by  a  very 
thin  film  of  silica  left  by  evaporation,  and  the  small  share  which  that 
agent  takes  in  the  formation  of  these  deposits  is  shown  in  the  rela¬ 
tive  proportion  of  this  edging  to  the  mass  of  pillars. 

PI.  LXXXVII  shows  two  of  the  forms  from  the  basin  figured  in  PI. 
LXXXV.  Fig.  1  is  one  of  the  finger-like  pillars,  which  do  not  reach 
to  the  surface  of  the  water.  The  specimen  is  six  inches  high  and  an 
inch  in  least  diameter.  The  pure  white  surface  is  lined  by  little 
knife-edge  ridges  and  dotted  with  spiny  points  of  silica,  all  hung  with 
small  patches  or  shreds  of  a  delicate  web  or  film  of  silica,  the  remains 
of  the  algous  jelly  that  once  covered  the  surface.  A  transverse  sec¬ 
tion  shows  the  specimen  to  consist  of  a  central  core  of  white  siliceous 
layers  in  the  form  of  very  thin  concentric  sheets  or  cylinders,  sur¬ 
rounded  by  a  loose  wrapping  of  sfimiliar  paper-like  sheets.  The  outer 
surface  is  hard,  but  brittle  and  easily  broken.  Such  finger-forms 
frequently  occur  in  clusters,  sometimes  of  very  different  heights, 
and  several  often  coalesce  as  they  grow  upward,  and  produce  little 
pinnacled  shapes.  As  already  stated,  in  describing  the  algae  of  the 
Emerald  Spring,  these  pillars  continue  their  upward  growth  when 
the  algae  are  living  until  tlieir  tops  reach  the  water  level,  when,  if 
the  plant  growth  continues,  a  spreading  top  is  formed,  upon  which 
evaporation  leaves  thin  films  of  pearly  silica. 

One  of  the  smallest  of  these  curious,  stony  yet  vegetable  forms,  is 
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shown  in  Fig.  2,  PL  LXXXVII.  The  specimen  figured  is  eight  inches 
high,  and  shows  in  its  graceful  curves  the  bending  of  the  original 
gelatinous  material  before  the  current  of  the  basin.  The  broader 
base  of  the  specimen  is  made  of  smaller  spiny  forms  growing  to¬ 
gether  and  united  to  the  base  of  the  pillar.  Above  the  middle  the 
column  expands  into  a  lioop-sliapecl  mass,  crowned  by  irregular  bands 
of  pearly  sinter.  This  specimen  is  also  lined  by  the  little  ridges  so 
prominent  in  the  first  figure,  though  they  are  much  less  noticeable 
and  scarcely  show  on  some  parts  of  the  specimen.  Such  forms  re¬ 
veal  quite  clearly  their  algous  origin,  but  the  stony  masses  found  in  a 
lower  and  empty  basin,  shown  in  PI.  LXXXYI,  are  apparently  quite 
different  in  nature,  though  formed  by  the  incrustation  of  the  shapes 
shown  in  Fig.  56.  This  basin  is  the  lowest  of  the  series,  and  if  some 


Fig.  56.  Algae  forms,  Lower  Geyser  Basiu. 
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cause  had  not  operated  to  produce  the  death  of  the  algse,and  an  incrus¬ 
tation  of  the  structures,  before  the  filling  up  of  the  basin  with  their 
siliceous  steins,  the  basin  would  now  form  only  a  bench,  indistinguish¬ 
able  from  the  rest  of  the  sinter  flat  above  it.  Fig.  3,  PI.  LXXXYII, 
shows  a  specimen  taken  from  this  basin ;  the  transverse  section  proves 
it  to  consist  of  a  central  form  similar  to  Fig.  2,  PI.  LXXXYII,  covered 
with  a  mossy  coating  of  silica,  three-fourths  of  an  inch  thick,  which 
rounds  off  and  hides  the  outlines  of  the  incrusted  pillar.  This  coating 
has  a  rough  coral-like  surface,  with  clustered  knobs  of  silica,  which 
a  lens  shows  to  consist  of  delicate  spicules  of  glassy  sinter.  The 
deposit  is  firm  and  hard,  and  the  aggregated  masses  form  a  compact 
and  solid  sinter. 

In  the  pools  supplied  by  the  Black  Sand  Spring,  which  are  collect¬ 
ively  known  as  Specimen  Lake,  the  algae  are  exactly  like  those  de¬ 
scribed,  save  that  they  are  generally  slimmer  and  taller,  often  twelve 
or  fifteen  inches  in  length,  and  their  tops,  uniting,  form  a  solid  roof, 
often  in  turn  the  floor  of  a  new  basin,  with  a  new  growth  of  algae.  The 
pillars  rarely  grow  solidly  and  closely  together,  so  that  specimens  of 
the  sinter  are  coral-like,  the  pillars  coated  with  an  efflorescent  gran-  • 
ular  coating  of  silica.  The  desiccation  of  such  areas  leaves  a  deposit 
of  sinter  whose  surface  shows  no  trace  of  its  origin  and  of  the  beau¬ 
tiful  forms  beneath,  and  such  deposits  occur  in  many  places  about 
the  Geyser  Basin. 

The  exact  manner  in  which  the  algse  of  these  waters  eliminate  the 
silica  from  solution  is  not  known,  but  the  process  appears  to  be  due 
to  the  vital  growth  of  the  plant,  for  both  the  algse  filaments  and  their 
slimy  envelope  are  formed  of  gelatinous  silica.  Upon  the  death  of 
the  algse  which  have  separated  this  jelly  from  the  spring  waters,  there 
is  a  loss  of  a  large  part  of  its  water,  and  a  change  to  a  soft,  cheesy, 
but  more  permanent  form.  This  dehydration  is  carried  still  farther 
if  the  silica  be  removed  from  the  water  and  dried,  but  if  allowed  to 
remain  in  the  cold  water  pools  there  is  a  further  separation  of  silica, 
possibly  due  to  organic  acids,  formed  by  the  decaying  vegetation 
reacting  upon  the  silica  salts  of  the  water ;  this  hardens  the  existing 
structures,  in  certain  cases,  and  generally  covers  the  pillars  with  a 
frost-like  coating  of  silica. 

In  general,  it  may  be  stated  that  the  large  vase  and  pillar  forms 
found  in  the  algse  pools  can  be  produced  only  by  a  concurrent  life 
and  death  of  these  plants,  the  outer  layers  continually  growing,  the 
innermost  dying.  This  is  readily  seen  to  be  the  cause  of  the  peculiar 
structure  of  these  forms.  The  central  core  is  a  pillar,  sometimes 
hollow,  sometimes  solid,  consisting  of  exceedingly  thin  superimposed 
layers  of  silica,  each  of  which  corresponds  to  a  layer  of  algse  jelly, 
which  has  become  hardened  by  the  death  of  the  plants  and  the  loss 
of  water.  The  column  increases  in  diameter  by  the  growth  of  the 
algse  at  the  surface,  and  a  simultaneous  death  and  hardening  of  the 
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inner  layer  of  jelly.  The  algons  envelope  consists  of  two,  three,  or 
more  thin  membraneous  layers,  the  outer,  green,  the  inner,  tomato 
red,  these  layers  corresponding  to  the  laminae  of  the  hardened  inner 
core.  The  slimy,  leathery  sheets,  so  common  in  the  cooler  springs 
(100°  F.  to  135°  F.),  are  similar  in  nature,  and  when  dried  are  thin 
crusts  of  light,  corky  sinter.  Another  form,  abundant  about  the 
Solitary  Spring,  where  it  has  built  up  a  sinter  mound  of  considerable 
magnitude,  consists  of  cushion-like  masses  of  jelly,  sometimes  six 
inches  thick,  which,  if  removed  and  dried,  shrivel  up  to  less  than 
half  that  thickness,  and  are  exceedingly  light  and  porous,  floating 
on  water.  The  under  layer  of  such  thick  masses  is  decaying  and 
changing  to  sinter,  into  which  it  can  be  traced  in  situ. 

FIBROUS  VARIETIES  OF  ALGOUS  SINTER. 


Besides  the  varieties  of  sinter  formed  by  these  vegetable  jellies, 
there  are  two  kinds  of  fibrous  sinter,  very  abundant  about  some  of 
the  hot  springs,  and  constituting  an  important  part  of  the  sinter 
deposits.  The  first,  forming  in  the  overflow  channels  of  many  of  the 
geysers  of  the  Upper  Basin,  is  finely  fibrous,  consisting  of  layers  one- 
sixteenth  of  an  inch  to  half  an  inch  thick,  each  stratum  resembling 
a  very  fine  thick  white  fur.  This  sinter  is  formed  by  the  growth  of 
the  little  algae — Caiothrix  gypsophilct  Kg. —or  the  young  form,  Mas- 
tigonema  thermale,  the  latter  olive-colored  and  forming  the  sinter 
alluded  to  later  in  the  section  of  the  sinter  walls  of  the  crater  of  the 
Excelsior  Geyser.  The  second  form  is  fibrous,  and  occurs  in  rough, 
straw-like  masses,  with  thatched  arrangement.  A  coarse  variety  is 
due  to  a  bright  red  species  of  algae — Leptothrix — a  finer  variety  to 
Leptotlirix  (or  Hyplieothrix )  laminosci,  a  species  found  from  135° 
to  185°  F.  ,  and  ranging  in  color  from  white  to  flesh, pink,  yellow,  and 
red  to  green,  as  the  water  cools.  The  specimens  determined  came 
from  the  mounds  of  Sentinel  Creek. 

The  proportion  of  algous  sinter  forming  the  deposits  about  the 
Geyser  Basins  is  strikingly  shown  in  the  following  section  of  the 
strata  forming  the  Avail  of  the  Excelsior  crater  : 


21.  Uppermost  layer,  fibrous,  “  furry”  sinter . 

20.  Cemented,  sinter  fragments . 

19.  Fibrous  sinter,  brownish  colored . 

18.  Thatch-like,  fibrous  sinter .  . 

17.  Cemented  fragments . . . 

16.  Thatch-like  sinter . 

15.  Fibrous  .  . 

14.  Cemented  fragments  . . 

18.  Thatch-like . . . . 

12.  Same,  mixed  with  cemented  material  of  same  nature 

11.  Fibrous,  9  layers  l  inch  to  1  inch  thick . 

10.  Cemented  fragments,  partly  of  organic  origin . 

9.  Fibrous .  .  . . 


Inches. 

15 

0.5 

3 

0.5 

3 

3 

2 

1 

12 

2 

6 

6 

2 
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Inches. 


8.  Flaky  sinter  formed  by  algous  sheets .  4 

7.  Fibrous  and  thatch-like,  about  equally  divided .  36 

6.  Fibrous .  2 

5.  Flaky,  pearly,  algous . 3 

4.  Thatch-like,  brown .  10 

3.  Fibrous,  10  to  20  layers .  8 

2.  Cemented  material . .  8 

1.  Fibrous .  12 


11  ft.,  6  ins. 

In  this  section  fifty  per  cent,  consists  of  the  fibrous  sinter  formed 
by  Mastigonema,  36  per  cent.  (4  feet,  2  inches)  of  the  thatch-like  or 
flaky  sinter  formed  by  the  membranous  algae,  Leptofhrix - . 

The  crater  wall  nearest  the  Prismatic  Spring  is  15  feet  high,  and 
the  sinter  may  be  thicker,  as  the  underlying  material  is  not  exposed. 
This  sinter,  which  forms  a  plateau  covering  many  acres,  has  been 
formed  by  the  vegetation  nourished  by  the  overflow  from  the  Pris¬ 
matic  Spring,  and  the  older  layers  have  a  terraced  surface  exactly 
like  that  of  the  deposit  now  forming  about  this  spring. 

RATE  OF  DEPOSITION  OF  SILICEOUS  SINTER. 

The  pearl-beaded,  coralloid  forms  of  sinter  found  about  spouting 
vents  are.  formed  very  slowly.  In  one  case,  where  the  signatures  of 
a  party  who  visited  the  geysers  in  1879  are  known  to  be  authentic, 
the  pencil  marks  are  covered  by  a  glaze  of  silica  but  T^j  of  an  inch 
thick,  or  an  increase  of  yoVo  of  an  inch  a  year,  and  this  where  the 
conditions  for  the  formation  of  sinter  by  evaporation  are  quite  favor¬ 
able. 

The  difference  between  the  rate  of  deposition  of  geyserite  by  these 
waters  and  those  of  the  Norris  Basin,  notably  by  the  water  of  the 
Opal  Springs  Coral,  is  shown  by  the  fact  that  at  the  Opal  Spring  an 
incrustation  of  one-quarter  of  an  inch  formed  in  three  weeks. 

Other  names,  written  upon  the  salmon-colored  channels  running 
into  the  Fireliole,  near  the  Castle  and  Saw-Mill  geysers,  show  a 
growth  of  2o~o  of  an  inch  to  -gb  of  an  inch  a  year,  but  this  rate  is 
effected  by  the  combination  of  very  favorable  conditions  for  evapora¬ 
tion  and  the  presence  of  algse. 

The  fibrous  sinters  forming  the  flow  of  the  geyser  channel  are 
composed  of  layers  from  to  to  to  of  an  inch  thick  and  averaging 
of  an  inch.  If  they  represent  a  year’s  growth,  and  the  evidence 
favors  that  Anew,  the  line  of  glassy  silica  sej^arating  them  being 
formed  during  the  Avinter,  then  the  rate  is  to  of  an  inch  a  year. 

On  the  other  hand,  the  thick  masses  of  jelly  found  in  some  of  the 
OA’erfloAv  areas  may  form  sinter  with  comparative  rapidity.  Thus 
the  channel  of  the  Beauty  Spring,  Avhich  contained  no  Avater  in  1887, 
Avas  filled  with  a  growth  of  Aregetable  jelly  5  inches  thick  in  1888, 
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nourished  by  the  largely  augmented  overflow  of  the  spring.  A  mass 
of  this  was  cut  out  when  the  place  was  visited  in  July,  and  upon  the 
sinter  a  new  growth  1£  to  1J  inches  thick  had  formed  by  October, 
seventy-three  days’  growth,  while  areas  of  what  had  been  bright 
colored  jelly  in  July  had  diverted  the  water  by  their  growth,  and 
were  now  hardened  and  pink,  and  rapidly  passing  into  firm  and  solid 
sinter. 

MICROSCOPIC  EVIDENCE. 

A  microscopic  examination  of  specimens  collected  at  the  Beryl 
Spring,  Gibbon  canyon,  shows  that  the  fibrous,  asbestos-like  mate¬ 
rial  consists  of  minute  tubes  of  glassy  transparent  silica  correspond¬ 
ing  to  the  filaments  of  the  growing  algae.  In  this  case  the  filaments 
appear  to  have  been  free  from  the  enveloping  jelly,  which  dries  to 
an  opaque  white  silica  and  hides  the  filaments  and  rods  of  most 
growths. 

Thin  sections  of  siliceous  sinters  fail  to  show  the  origin  and  nature 
of  the  deposit  as  clearly  as  had  been  hoped.  A  section  of  dried 
algous  jelly  from  the  Emerald  Spring  shows  innumerable  interlaced 
and  interwoven  filaments,  with  some  glassy  silica  between.  A  hard 
fibrous  sinter,  formed  by  the  long  filamentary  growth  of  an  overflow 
channel,  shows  only  traces  of  the  algee  filaments  under  the  micro¬ 
scope,  but  consists  very  largely  of  minute  globules  of  glassy  silica, 
varying  somewhat  in  size  and  corresponding  to  those  forming  the 
cells  of  the  algse.  These  are  held  together  in  a  cementing  matrix  of 
glassy  amorphous  silica.  Thin  sections  of  a  sinter  formed  of  broken 
fragments  of  algae  pillars,  cemented  into  a  firm  hard  sinter,  shows  a 
similar  structure. 

If  many  of  the  algous  sinters  fail  to  reveal  an  organic  structure 
beneath  the  microscope,  they  are  nevertheless  easily  distinguished 
from  the  more  glassy  and  pearly  sinters  formed  by  evaporation.  A 
thin  section  of  a  sinter  from  the  Solitary  Spring,  Upper  Basin,  shows 
in  marked  contrast  the  numerous  and  extremely  thin  overlapping 
layers  of  lustrous  pearl  sinter  formed  by  evaporation  and  the  duller 
chalky  white  of  the  algous  formation. 

MOSS  SINTER. 

Besides  the  deposits  of  siliceous  sinter  formed  by  the  algous  vege¬ 
tation  of  the  hot  waters,  extensive  deposits  of  sinter  are  found  on 
the  slopes  below  the  Hillside  Springs,  which  are  due  to  the  growth 
of  mosses.  These  springs  issue  from  the  rhyolite  slopes  beneath  the 
cliffs  of  the  Madison  Plateau,  and  the  waters,  whose  temperature  is 
184°  to  198°  F.,  contain  both  silica  and  lime  in  solution,  which  they 
deposit  in  their  downward  flow.  On  the  lower  part  of  the  slopes 
the  water  is  cooled  to  blood  heat,  and  has  lost  much  of  its  lime  and 
part  of  its  silica.  This  part  of  the  slope  is  terraced  with  basins  sug- 
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gesting  those  of  the  Mammoth  Hot  Springs,  but  covered  with  a  bright 
green  growth  of  moss.  These  basins  are  formed  of  a  porous  yellow 
sinter,  full  of  moss  stems,  and  often  consisting  entirely  of  these 
plant  structures. 

Chemical  analysis  shows  this  substance  to  be  a  true  siliceous  sinter 
(see  analysis,  p.  670).  This  sinter  is  not  formed  by  evaporation,  nor 
by  any  of  the  causes  discussed  in  considering  the  precipitation  of 
silica  from  solution,  but  it  is  due  to  the  abstraction  of  silica  from  the 
water  by  the  mosses  covering  the  surface  of  the  basins.  This  moss 
has  been  determined  by  Prof.  Charles  R.  Barnes,  of  the  University 
of  Wisconsin,  to  be  Hypnum  aduncum  var.  grasilescens  Br.  &  Sell. 

DIATOM  BEDS. 

Besides  the  elimination  of  silica  from  the  hot-spring  waters  by  the 
algous  growths  living  in  them  and  by  the  mosses  of  the  cooled  water, 
there  is  a  further  secretion  of  that  substance  by  several  species  of  di¬ 
atoms  which  live  in  the  tepid  waters  of  the  liot-spring  marshes,  and, 
though  they  do  not  form  siliceous  sinter,  their  remains  accumulate 
as  beds  of  diatom  earth  that  are  often  of  great  thickness  and  width. 

It  is  well  known  that  the  single-celled  algse,  called  diatoms,  pos¬ 
sess  in  a  remarkable  degree  the  power  of  separating  silica  from  solu¬ 
tion  to  form  the  beautifully  marked  siliceous  armor  of  the  plant. 
In  the  ocean  waters  this  action  is  the  more  remarkable  because  of 
the  exceedingly  small  proportion  of  silica  found  in  solution  in  the 
water,  and  the  almost  incredible  activity  necessary  on  the  part  of 
the  plant  to  secure  an  adequate  supply.  As  the  silica  of  such  dilute 
waters  is  not  separable  by  any  known  chemical  process,  its  elimina¬ 
tion  must  needs  be  credited  to  some  vital  process  of  the  plant 
growth,  and  it  is  this  action  which  gives  to  this  low  form  of  life  its 
importance  as  a  geological  agent.  As  the  Dicitomacece  exist  under 
very  diverse  and  extreme  conditions  of  environment,  occurring  in 
nearly  every  country  pond  and  stream,  as  well  as  the  icy  waters  of 
Polar  seas,  the  heated  currents  of  the  tropics,  and  even  the  almost 
boiling  waters  of  hot  springs,  we  are  not  surprised  to  find  them  ex¬ 
isting  also  in  the  siliceous  waters  of  the  Yellowstone  Springs,  which, 
indeed,  seem  peculiarly  adapted  to  the  needs  and  growth  of  these 
little  plants.  Investigation  shows,  however,  that  while  diatoms 
occur  in  the  ponds  of  the  hot-water  algse,  whose  occurrence  has 
already  been  described  in  detail,  yet  they  are  only  found  in  abund¬ 
ance  in  the  cooled,  tepid  waters  of  the  springs.  In  such  waters  they 
are  exceedingly  abundant,  and  form  the  ooze  of  which  the  marshes 
of  the  geyser  basins  are  so  largely  composed. 

A  typical  marsh  of  this  character  is  found  near  the  beautiful 
Emerald  Springs  of  the  Upper  Geyser  Basin.  A  large  part  of  this 
marsh  is  covered  with  a  sparse  growth  of  rushes  and  brackish-water 
vegetation,  which  of  course  is  gradually  filling  it  up  and  convert- 
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ing  the  bog  into  a  fairly  firm,  grass-grown  meadow  bottom.  But 
the  greater  area  is  at  present  quite  wet,  and  its  treacherous  ooze  and 
apparently  bottomless  depths  will  be  long  remembered  by  those  who 
have  ever  tried  to  cross  the  marsh. 

The  waters  of  this  area  have  in  times  past  encroached  upon  the 
neighboring  patch  of  timber,  killing  the  trees,  whose  bare  gray 
trunks  stand  upright  in  the  ooze  or  lie  scattered  about  and  half  im¬ 
mersed  beneath  the  surface.  A  subsequent  partial  recession  of  the 
water  has  left  a  bare  white  strip  between  bog  and  woods,  on  which 
vegetation  has  as  yet  a  precarious  foothold,  and  the  gaunt,  bare  poles 
of  the  dead  pines  rise  up  from  a  barren,  powdery,  white  soil,  evi¬ 
dently  a  dried  portion  of  the  marsh  mud.  The  semi-liquid  ooze  of 
which  the  marsh  consists  proved  upon  examination  under  the  micro¬ 
scope  to  be  composed  of  the  beautiful  siliceous  tests  of  various 
species  of  these  minute  plants.  Samples  of  this  material,  which  Dr. 
Francis  W olle,  of  Bethlehem,  Pa. ,  has  kindly  examined  for  me,  were 
found  to  contain  the  following  sjDecies  : 


Denticula  valida  Ped. 

D.  elegans. 

Navicula  major  and  N.  viridis. 
Epithemia  (three  species). 


Acliranthese, 

Cocconema. 

Fragilaria. 

Eurotia. 


The  first-named  species,  Denticula  valuta,  formed  the  bulk  of  the 
specimen,  and  also  of  the  white  pulverulent  material  at  the  margin 
of  the  bog,  which  microscopic  examination  showed  to  be  the  dried 
•  remains  of  the  same  diatoms.  Samples  from  many  other  marshes  of 
this  character  were  examined  and  found  to  be  formed  of  the  same 
species. 

The  extensive  meadows  of  the  Lower  Geyser  Basin,  the  Norris 
Basin,  Geyser  Creek,  and  many  other  places  are  underlaid  by  beds 
of  diatom  earth  composed  of  these  same  species,  and  where  the 
wagon-road  crosses  these  areas  the  ditches  made  alongside  the  road 
for  drainage  exposed  the  beds,  while  square  blocks  of  the  dried  diatom 
earth  lie  scattered  about  at  the  side  of  the  road.  These  and  similar 
meadows  are  many  square  miles  in  extent,  and  the  diatom  beds  are 
often  two  to  three,  and  sometimes  six  to  seven  feet  thick.  Not  sel¬ 
dom  the  meadows  and  diatom  marshes  overlie  ancient  liot-spring 
areas,  the  sinter  flats  and  even  the  hot  spring  mounds  and  cones 
being  completely  covered  and  hidden  by  the  covering  of  diatom 
ooze. 

NATURE  OF  SILICEOUS  SINTER. 

Siliceous  sinter,  the  siliceous  deposit  of  thermal  waters,  is  a  variety 
of  opal,  occurring  as  a  grayish  white,  or  brownish  incrustation 
about  hot  springs.  Slightly  different  varieties  have  been  described 
under  different  names  :  a  pearly  lustered  specimen  from  Santa  Fiora, 
Italy,  being  called  Fiorite  by  Thompson;  a  filamentary  sinter  from 
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St.  Michael,  Azores,  described  as  Michaelite;  while  the  Iceland  and 
New  Zealand  sinters  are  known  as  geyserite. 

Siliceous  sinter  varies  much  in  appearance  and  in  structure,  accord¬ 
ing  to  its  manner  of  formation  ;  it  is  sometimes  earthy  and  crumbly, 
often  finely  laminated  and  slialy  or  light  and  porous,  occasionally 
fibrous  or  even  filamentous,  and  rarely  compact  and  flinty.  It  is 
generally  opaque,  though  often  possessing  a  vitreous  luster,  and 
rarely  translucent,  and  it  grades  into  liydrophane  and  hyalite  by 
alteration.  The  batryoidal  and  coralloidal  forms  are  generally  found 
only  about  the  mouth  of  geysers  and  steam  vents,  and  are  usually 
more  compact  and  translucent  than  other  varieties.  The  sinters  pro¬ 
duced  by  algse  are  generally  very  light,  with  an  open,  porous,  almost 
cavernous  structure,  but  this  is  often  altered  to  hard  opal  sinter  by 
infiltering  water.  The  following  table  shows  the  composition  of  a 
number  of  Yellowstone  sinters,  with  the  analyses  of  Michaelite  and 
the  Iceland  and  New  Zealand  geyserites  added  for  comparison: 


Analyses  of  Yellowstone  sinters. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

SiOa,  silica . 

89.54 

81.95 

93.88 

93. 37 

89.72 

87.67 

82.29 

86.03 

92.67 

A1203,  alumina . 

3.12 

6.49 

1.73 

1.16 

^  1  36 

FeO,  ferrous  oxide  . . 

Trace . 

Trace . 

0.14 

Trace . 

j-  1.02 

0.71 

(Trace. 

j-  1.21 

0.80 

1 .. 

CaO,  lime . 

1.71 

0.25 

0  29 

2.01 

0  40 

0  45 

0  14 

MgO,  magnesia . 

Trace . 

0. 15 

0.07 

0.05 

Trace . 

0.40 

0.05 

Na20, soda  . 

1.12 

2. 56 

0.28 

0.11 

0. 82 

i  0  18 

KaO,  potash . 

0.30 

0.65 

0.23 

0.02 

Trace . 

[  0.38 

1  0.75 

S03,  sulph.  acid . 

Trace. 

0. 16 

0.20 

0.31 

Trace . 

Cl,  chlorine . 

Trace . 

Trace. 

NaCl,  sodic  chloride. 

0.18 

0.08 

Organic  matter . 

1.50 

HaO,  water . 

5.13 

7.50 

3.37 

4.17 

10.40 

16.35 

11.52 

5.45 

Total  . 

99.92 

100.02 

100. 33 

100.41 

100.09 

100.00 

100.00 

99.99 

100. 04 

No.  I,  is  a  compact  white  sinter  from  the  mound  of  Old  Faithful. 
No.  II,  is  a  grayish  sinter  from  the  margin  of  Splendid  Geyser. 
No.  Ill  is  a  light  porous  algous  sinter  from  Solitary  Spring. 

No.  IV  is  the  analysis  of  a  dried  specimen  of  jelly  from  Emerald 
Spring. 

No.  V  is  the  moss-sinter  from  Asta  Spring,  Hillside  Group. 

These  analyses  were  all  made  by  Mr.  J.  E.  Whitfield  for  the 
Geological  Survey  of  the  Yellowstone  National  Park. 

No.  VI  is  the  analysis  of  Michaelite  from  the  Azores,  by  Webster.1 
No.  VII  is  a  geyserite  from  the  mound  of  the  Great  Geyser  of  Ice- 
and,* 3  by  Damour. 

Webster,  Am.  Jour.  Sci.,  1st  series,  1821,  vol.  8. 

3  Bull.  Soc.  Geol.  cle  France,  2d  series,  1848,  vol.  5,  p.  160. 
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No.  VIII  is  a  hard  white  sinter  from  the  White  Terrace,  New 
Zealand,  Mayer.1 

No.  IX  is  a  white  sinter  from  Steamboat  Springs,  Nevada,  ana¬ 
lyzed  by  Woodward.2 

Analysis  No.  I  shows  the  composition  of  a  sinter  in  which  evapo¬ 
ration  and  algous  growth  both  cause  the  separation  of  the  silica. 
The  sinter  from  the  Splendid  Geyser,  whose  analysis  is  given  in  No. 
II,  is  a  deposit  formed  without  the  aid  or  presence  of  plant  life, 
wholly  by  the  evaporation  of  the  geyser  water.  The  interior  of  the 
specimen  is  composed  of  irregular  crinkled  laminae  of  greenish  gray 
sinter,  some  of  it  possessing  a  nacreous  lustre ;  this  is  covered  by 
light  gray  fibrous  sinter,  the  fibers  short  and  perpendicular  to  the 
surface,  and  resulting  from  the  growth  of  little  spicules.  The  gray 
color  is  due  to  the  impurity  present,  the  analysis  showing  a  compar¬ 
atively  large  amount  of  alumina  and  soda,  with  a  low  percentage  of 
silica.  This  is  probably  due  to  muddy  sediment  contained  in  the 
geyser  water,  which  is  left  with  the  silica  upon  evaporation.  The 
sinter  from  the  Solitary  Spring,  No.  Ill,  is  white,  opaque,  and  very 
light  and  porous.  It  is  the  sinter  resulting  from  the  desiccation  of 
an  area  of  algous  jelly,  such  as  that  abundant  about  this  spring,  and 
was  produced  by  natural  causes.  Analysis  No.  IV  shows  the  com¬ 
position  of  a  specimen  of  the  algous  jelly  found  at  the  Emerald 
Spring,  removed  from  the  water  and  dried  in  the  sun.  The  siliceous 
residue  of  this  jelly  is  light  pink  in  color,  very  buoyant,  floating 
readily  upon  water,  and  somewhat  hygroscopic.  The  air-dried  ma¬ 
terial  lost  2.7  per  cent,  of  its  weight  when  dried  at  100°  C. 

Analysis  No.  V  is  of  the  straw-colored  moss  sinter  from  the  basins 
of  the  Asta  Spring.  The  structure  of  the  moss  is  perfectly  pre¬ 
served,  and  much  of  the  sinter  is  composed  entirely  of  the  moss 
stems ;  but  other  parts  have  the  space  between  filled  with  friable 
white  silica,  with  occasional  botryoidal  concretions  of  light  gray 
opal. 

The  analyses  show  the  greater  purity  of  the  sinters  formed  by 
algse,  such  sinters  having  less  alumina  and  alkalies,  a  lower  percent¬ 
age  of  water,  and  a  correspondingly  larger  amount  of  silica.  This 
greater  purity  is  probably  to  be  explained  by  the  fact  that  the  silica 
of  such  sinters  has  been  extracted  from  the  water  by  the  vital  growth 
of  the  plants,  while  sinters  formed  by  evaporation  contain  a  greater 
or  less  amount  of  kaolin,  generally  carried  in  minute  quantity  in 
suspension  by  the  geyser  waters.  It  is  to  such  earthy  impurities 
that  we  must  ascribe  the  differences  in  the  analyses  of  Iceland  sin¬ 
ters  made  by  different  chemists. 

The  physical  differences  in  the  unaltered  sinters  formed  by  evapo- 

1  Peterm.  Geog.  Mitt.,  1862,  p.  266. 

2  Arnold  Hague,  Geol.  Ex.  40th  Par.,  1877,  vol.  2,  p.  826. 
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ration  and  those  of  algous  origin  is  generally  quite  marked,  the 
former  being  translucent,  or  vitreous,  hard,  and  heavy,  while  the 
algous  sinter  is  opaque,  white,  and  often  chalk-like  in  appearance. 

SILICEOUS  SINTERS  FROM  NEW  ZEALAND. 

Through  the  courtesy  of  Prof.  F.  W.  Clarke,  a  small  collection  of 
siliceous  sinters  from  the  hot  springs  of  New  Zealand,  recently  re¬ 
ceived  by  the  United  States  National  Museum,  has  been  placed  at 
my  disposal  for  examination  and  comparison  with  the  extensive 
series  of  sinters  collected  by  the  Yellowstone  Park  Survey  from  the 
hot  springs  and  geysers  of  that  region. 

The  New  Zealand  collection,  though  small,  contains  examples  of 
many  different  varieties  of  this  form  of  opal — the  result  of  diverse 
conditions  of  deposition  and  occurrence.  Most  of  the  specimens  come 
from  Rotorua,  the  sanitarium  of  N ew  Zealand,  situated  on  the  south¬ 
west  shore  of  the  lake  of  the  same  name.  This  locality  was  long 
known  as  Ohinemutu,  the  name  of  the  Maori  village,  for  the  natives 
of  New  Zealand  utilized  the  hot  waters  of  these  springs  for  cooking 
and  bathing  before  the  discovery  of  the  islands  by  Captain  Cook. 
The  government,  appreciating  the  therapeutic  value  of  the  waters, 
has  leased  the  ground  from  the  Maoris  and  erected  extensive  bathing 
pavilions  and  bath  pools,  where  the  different  varieties  of  waters  may 
be  tried  under  the  direction  of  a  government  physician.  The  place 
was  formerly  the  starting  point  for  the  famous  terraces  of  Rotoma- 
hana  (the  “Warm  Lake”),  which  were- destroyed  by  the  eruption  of 
Mount  Tarawera  in  1886.  But  Rotorua  is  itself  interesting ;  the  lake 
is  six  miles  across,  with  a  picturesque  island  in  its  center,  and  sur¬ 
rounded  by  a  chain  of  blue  mountains,  while  the  ponds  and  wells  of 
hot  water  and  the  neighboring  geysers  of  Whakarewarewa  are  only 
rivaled  by  those  of  the  Yellowstone  and  the  famous  fountains  of 
Iceland. 

The  hot  springs  vary  in  character  from  the  clear  and  sparkling, 

-  albeit  boiling,  alkaline  siliceous  waters  of  Madame  Rachel’s  Bath, 
supposed  to  renew  beauty,  if  not  youth,  to  chocolate-colored  and  ill¬ 
smelling  sulphurous  pools  and  strongly  acid  waters.  The  following 
analyses,  made  by  William  Skey,  the  Government  analyst,  show 
the  character  of  several  types  of  these  waters,  the  analyses  being  re¬ 
duced  from  grains  per  gallon  to  parts  per  thousand. 
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Analyses  of  Neio  Zealand  spring  waters. 


Madame 
Rachel’s 
Bath,  alka¬ 
line,  174°  F. 

Priests’ 

Bath, 

strongly 

acid. 

Hot  Pool, 
intense¬ 
ly  acid, 
200°  F. 

Si02,  silica,  free  . . . . 

0.0838 

0. 2601 

0. 0605 

0. 0155 

0. 9918 

0. 0487 

0. 1685 

0.  2630 

0. 1957 

Na2Si03,  sodium  silicate  . 

CaSi03)  silicate  of  lime  . 

MgSiOg,  silicate  of  magnesium  . . 
NaCl,  sodium  chloride . 

0. 5210 

KC1,  potassium  chloride  . 

NaS04,  sodium  sulphate . 

0.2748 

0. 2643 

0. 1025 

0.0148 

0. 0617 

CaCl2,  chloride  of  lime . 

MgCl2,  chloride  of  magnesium  .... 

A12C'L,  chloride  of  aluminium. . . . 

CaS04,  sulphate  of  lime . 

0. 1058 

0. 0432 

0. 0395 

0. 1770 

0. 3160 

0. 0521 

MgS04,  sulphate  of  magnesia  . .  . 

A12(S04)3,  sulphate  of  aluminium. . 

Fe2<S04;3,  sulphate  of  iron . 

H2S04,  sulphuric  acid  .  . 

HC1,  hydrochloric  acid . 

0.2315 

$ 

Total . 

1.6633 

1.3821 

1.3931 

Free  H2S . 

0. 0425 

0.0308 

0. 1355 

0.  0177 

Free  CO* . . . 

The  alkaline  water  of  Madame  Rachel’s  Bath  is  said  to  deposit 
silica  quite  rapidly,  “a  ti-tree  twig  immersed  in  the  water  a  week 
or  two  resembling  a  branch  of  coral,”1  and  the  acid  waters  of  the 
Hot  Pool  form  mineral  mushrooms  of  muddy  sinter  in  the  shallow 
parts  of  the  spring. 

It  will  be  noticed  that  in  these  analyses  the  bases  have  been  com¬ 
bined  with  silica  by  the  analyst,  who  states  that  the  conditions 
under  which  the  waters  occur  are  incompatible  with  the  existence 
of  carbonates,  though  the  analyses  of  Yellowstone  waters  show  that 
the  fixed  C02  of  those  waters  must  exist  as  carbonates. 

The  siliceous  sinters  from  Rotorua  vary  from  pulverulent  deposits 
of  impure  silica  to  dense,  white  opal  sinters.  Two  of  the  specimens 
were  evidently  formed  about  spouting  vents,  showing  the  peculiar 
structure  and  beaded  surface  produced  by  the  evaporation  of  spattered 
drops  of  water.  Such  sinters,  to  which  the  name  of  geyserite  may  be 
most  properly  applied,  are  very  common  about  the  Yellowstone 
geysers,  occurring  often  in  beautiful  coralloidal  forms,  sometimes 
possessing  a  bright  pearly  luster.  The  New  Zealand  specimens  are 
parts  of  an  old  deposit  formed  in  this  way  and  consist  of  numerous 
little  pillars  formed  of  many  convex  layers  of  pink  and  white  silica, 
resembling  a  pile  of  minute  caps,  one  upon  another.  This  geyserite 
is  wholly  the  result  of  evaporation,  which  adds  film  after  film  of 
glassy  silica  to  the  surface  of  the  deposit,  as  often  as  wet  by  the 

1  J.  A.  Froude,  Oceana,  p.  236. 


9  GEOL 


43 


674 


FORMATION  OF  HOT  SPRING  DEPOSITS. 


steam  or  spray  from  the  geyser.  An  analysis  of  this  sinter  is  given 
in  the  table  following  (p.  675).  Specimens  of  what  may  be  called  in¬ 
crustation  sinter  resemble  a  handful  of  hay  crushed  in  the  hand 
and  coated  Avith  white  silica.  The  coarser  stalks  are  hollow  tubes 
with  rough  and  coral-like  outer  surface  with  the  finer  fibers  forming 
gnarled  and  botryoidal  masses.  Where  the  incrusting  process  has 
been  carried  still  further  the  thickened  coverings  of  silica  unite  and 
a  compact  sinter  with  but  small  cavities  results.  Such  sinters  are 
also  formed  by  evaporation,  on  the  exposure  of  the  water  to  the  air. 

Two  of  the  specimens  are  of  especial  interest  because  their  struct¬ 
ure  indicates  that  the  algous  life  of  the  hot  waters  of  Rotorua  pro¬ 
duced  siliceous  sinter.  This  action  of  hot  water  algae  has  been 
studied  in  the  waters  of  the  Yellowstone  springs  and  it  has  been 
shown  that  these  plants  abstract  silica  from  the  waters  in  their 
growth,  forming  a  mass  of  jelly  which  hardens  upon  the  death  of 
the  plants,  when  it  is  further  incrusted  by  silica  precipitated  by 
the.  decaying  vegetable  matter.  In  this  way  vast  areas  of  sinter, 
often  many  feet  thick,  have  been  formed  in  the  Yellowstone  Park. 
The  specimens  from  Rotorua  show  two  distinct  forms  of  algous  sin¬ 
ter.  The  first  is  that  produced  by  membranous  sheets  of  red  or 
green  algie,  resembling  certain  more  familiar  forms  of  seaweeds, 
common  not  only  in  the  cooler  waters  of  the  Yellowstone  but  in 
warm  waters  all  over  the  world,  being  described  as  “sheets  of  a 
slimy  confervoid  growth  ”1  in  the  Rotorua  waters.  This  sinter  is 
creamy  pink,  showing  a  wavy  and  very  thinly  laminated  structure 
with  occasional  vesicular  blisters  lined  with  red  and  green  patches 
presumably  the  remains  of  algse.  It  resembles  so  closely  the  sinters 
formed  by  drying  the  algous  jellies  of  the  Yellowstone  springs  that 
a  similar  mode  of  formation  seems  probable. 

The  second  specimen  is  quite  different  in  structure,  consisting  of 
several  layers  of  fibrous  silica,  the  fibers  all  perpendicular  to  the 
layers  and  resembling  a  very  fine  and  short,  thick,  white  fur.  The 
exact  counterpart  of  this  sinter  occurs  at  many  localities  in  the  gey¬ 
ser  basins  of  the  Yellowstone,  notably  about  the  Prismatic  Spring 
and  the  overflow  channels  of  Old  Faithful.  It  forms. over  one-half 
of  the  section  of  15  feet  of  sinter  exposed  in  the  crater  Avails  of  the 
Excelsior  Geyser.  This  sinter  Ave  know  to  be  the  result  of  the 
growth  and  incrustation  of  little  algse,  which  form  a  cedar-colored 
( Calothrix  gypsophila  Kg.,  or  olive  ( Mastigonema  thermale )  slippery 
coating  on  the  surface  of  the  deposit.  The  analogy  is  so  perfect 
that  there  seems  but  little  doubt  that  the  New  Zealand  sinter  is  the 
result  of  the  groAvtli  of  similar  or  allied  algie. 

Other  specimens  of  the  hot-Avater  deposits  of  the  Rotorua  Springs 
resemble  blocks  of  diatomaceous  earth  and  vary  from  a  loosely  com- 


2  Skey  :  Trans.  N.  Z.  Inst.,  vol.  10,  p.  433. 
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pacted  mass  of  pulverulent  silica  to  a  dense  and  almost  jaspery  sinter. 
The  impalpable  particles  composing  this  material  are  angular  and 
consist  almost  wholly  of  milky  or  transparent  glassy  silica.  Analysis 
No.  Ill  of  the  following  table  shows  this  substance  to  be  a  mixture 
of  clay  and  silica  of  the  same  composition  as  the  material  incrusting 
logs  immersed  in  the  siliceous  waters  of  the  Yellowstone,  and  often 
lining  the  hot-spring  bowls. 

The  following  analyses  of  three  types  of  the  Rotorua  sinters  were 
made  by  Mr.  J.  Edward  Whitfield : 


Analyses  of  Rotorua  Sinters. 


• 

I.— Gey- 
serite. 

II.— Algae 
sinter. 

III.-Pul- 

verulent 

silica. 

Si  02,  silica . 

90.28 

92.47 

74.63 

Alj  03  (+Fea  O3) . 

3.00 

2.54 

15.59 

Ca  O,  lime . 

0.44 

0. 79 

1.00 

Mg  0,  magnesia . 

Trace. 

0. 15 

Trace. 

Na2  0.  soda . 

0. 30 

K2  0,  potash . 

1.02 

Ignition . 

6.24 

3.99 

7.43 

Total . 

99. 96 

99. 94 

99.97 

The  remaining  specimens  from  Rotorua  consist  of  a  hot  spring 
sandstone,  produced  by  the  cementation  of  particles  of  rhyolitic  glass, 
feldspar,  and  quartz  by  the  siliceous  waters  of  the  springs.  The 
fragments  are  uniformly  angular,  well  assorted  in  layers,  and  bound 
together  by  transparent  or  milky  silica.  The  latter  usually  forms  a 
very  small  part  of  the  bulk  of  the  specimen ;  in  only  one  case  does 
it  sheath  the  grains  in  a  coating  of  silica,  and  form  a  noticeable  part 
of  the  deposit.  Under  the  microscope  thin  sections  show  no  traces 
of  enlargement  of  the  crystal  fragments.  Though  a  true  hot  spring 
deposit,  this  material  can  not  claim  the  name  of  siliceous  sinter.  Two 
of  the  specimens  contain  very  showy  leaf  impressions,  but  the  de¬ 
tails  of  veination  are  not  preserved,  and  the  woody  tissue  is  absent. 
A  white  “mineral  wool”  occurring  in  other  specimens  of  this  nature 
is  perfectly  silicified  woody  fibre.  Such  sandstones  are  common 
about  the  hot  springs  of  the  Norris  and  Shoshone  Geyser  Basins  and 
other  localities  of  the  Yellowstone  Park,  where  they  are  formed  by 
the  cementation  of  material  washed  into  the  springs  from  the  sur¬ 
rounding  slopes  of  disintegrating  or  decomposed  rock. 

Besides  the  sintefs  from,  Rotorua,  the  collection  contains  a  few 
specimens  from  the  famous  White  Terrace.  This  sinter  opal  closely 
resembles  the  deposits  of  the  Coral  Spring,  whose  water,  like  that  of 
the  lost  White  Terrace,  is  opalescent  with  silica,  which  is  carried  in 
pseudo-suspension,  and  which  rapidly  coats  articles  immersed  in  it. 
Two  jaspery  sinters  from  Whangerei — a  seaport  about  eighty  miles 
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north  of  Auckland— are  very  beautifully  colored,  in  red  and  green 
bands,  but  are  of  no  especial  interest. 

No  information  is  obtainable  relative  to  the  comparative  abundance 
of  the  different  types  of  sinter,  but  the  prevalence  of  acid  and  com¬ 
parative  scarcity  of  alkaline  waters  shown  by  the  list  of  springs  pub¬ 
lished  by  Dr.  Hector  leads  to  the  belief  that  algous  sinter  forms  a 
smaller  proportion  of  the  siliceous  deposits  than  it  does  at  most  of 
the  geyser  basins  of  the  Yellowstone,  where  the  waters  are  chiefly 
alkaline.  The  general  character  of  the  springs  shows  that  Rotorua 
resembles  the  Norris  Basin  more  closely  than  any  other  locality  in 
the  Park. 

SUMMARY. 

In  the  light  of  the  knowledge  gained  in  the  Yellowstone  Geyser 
Basins,  the  observations  of  Prof.  W.  H.  Brewer,  referred  to  in  the 
first  part  of  this  paper,  acquire  a  new  interest,  and  it  seems  quite 
probable  that  the  gelatinous  silica  containing  algse  which  he  found 
at  Steamboat  Springs,  Nevada,  may  resemble  that  so  abundant  in 
the  hot  waters  of  the  Park,  and  that  a  part,  at  least,  of  the  siliceous 
deposits  found  at  Steamboat  Springs  may  have  been  formed  by 
algous  life.  The  fibrous  sinter  from  the  Azores,  called  Michaelite, 
occurring  about  springs  where  algous  vegetation  was  found  to  be 
abundant,  certainly  suggests  a  possible  like  origin.  The  data  acces¬ 
sible  are  far  too  meager  to  hazard  any  conjectures  as  to  the  nature 
of  the  Iceland  or  New  Zealand  sinters,  but  the  occurrence  of  algse  in 
these  waters  is  significant  in  this  connection. 

It  is  believed  that  the  facts  recorded  in  the  preceding  pages  estab¬ 
lish — 

1.  That  the  plant  life  of  the  calcareous  Mammoth  Hot  Springs 
waters  causes  the  deposition  of  travertine,  and  is  a  very  important 
agent  in  the  formation  of  such  deposits. 

2.  The  vegetation  of  the  hot  alkaline  waters  of  the  Geyser  Basins 
eliminates  silica  from  the  water  by  its  vital  growth  and  produces 
deposits  of  siliceous  sinter. 

3.  The  thickness  and  extent  of  the  deposits  produced  by  the  plant 
life  of  thermal  waters  establishes  the  importance  of  such  vegetation 
as  a  geological  agent. 
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ON  THE  GEOLOGY  AND  PHYSIOGRAPHY  OF  A  PORTION  OF  NORTHWEST¬ 
ERN  COLORADO  AND  ADJACENT  PARTS  OF  UTAH  AND  WYOMING, 


By  Charles  A.  White. 


TOPOGRAPHY  OF  THE  DISTRICT. 

Among  the  many  phenomena  which  are  of  peculiar  interest  con¬ 
nected  with  the  geology  and  physiography  of  the  western  portion 
of  our  national  domain  none  are  more  worthy  of  special  attention 
than  those  occurring  in  the  region  which  embraces  northwestern 
Colorado  and  adjacent  parts  of  Utah  and  Wyoming.  Those  which 
are  to  he  specially  considered  in  this  article  relate  directly  to  geolog¬ 
ical  structure  on  the  one  hand,  and  to  surface  drainage  on  the  other, 
as  these  conditions  now  exist  in  that  region  ;  and  although  the  con¬ 
ditions  referred  to  have  originated  in  forces  which  have  acted  in 
intimate  relation  with  one  another,  they  are  referable  to  two  differ¬ 
ent  categories  of  dynamic  action  that  were  in  part  complemental 
and  in  part  antagonistic;  that  is,  the  one  category  includes  those 
movements  of  the  earth’s  crust  which  have  resulted  in  the  elevation 
of  plateau  and  mountain  masses,  and  the  other  the  forces  which 
have  effected  the  disintegration  and  the  immense  degradation  which 
the  masses  so  elevated  have  suffered. 

The  whole  region  round  about  the  Uinta  Mountains  abounds  in 
striking  topographical  and  geological  features,  the  principal  of  which 
have  been  graphically  described  by  Powell  ; 1  but  I  have  selected  for 
special  discussion  a  few  examples  possessing  unusual  interest  which 
pertain  to  each  category,  and  which  occur  within  a  comparatively 
small  district.  This  district  lies  within  that  great  elevated  portion 
of  the  continent  which  Powell  and  Gilbert  have  called  the  Plateau 
Province,2  and  which  is  one  of  the  grandest  fields  for  geological  study 
that  have  ever  been  investigated.  But  as  the  plan  of  this  article  does 
not  embrace  a  detailed  description  of  the  geology  and  topography  of 
the  district  referred  to,  I  shall  present  only  such  descriptions  and 

1  See  Geology  of  the  Uinta  Mountains,  by  J.  W.  Powell ;  and  also  Exploration  of 
the  Colorado  River  of  the  West  and  its  Tributaries. 

2  Geology  of  the  Uinta  Mountains,  pp.  3-7. 
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facts  as  are  deemed  necessary  to  the  elucidation  of  the  special  sub¬ 
jects  selected. 

No  part  of  this  district,  except  a  small  area  immediately  adjacent 
to  Green  River  at  the  south  side  of  the  Uinta  Mountains,  is  less  than 
5,000  feet  above  the  level  of  the  sea,  and  a  large  part  of  the  uneven 
surface  besides  the  mountainous  portion  has  still  greater  elevation. 
Indeed,  the  land  surface  of  this  district  which  I  shall  speak  of  as  low 
when  discussing  the  mountains  is  only  comparatively  so,  for  much 
of  it  has  a  greater  elevation  above  the  sea  than  have  some  important 
mountain  ranges. 

The  foot-hills  of  the  Park  Range,  which  is  a  western  portion  of  the 
great  Rocky  Mountain  system,  lie  along  the  eastern  side  of  the  dis¬ 
trict.  Upon  its  northern  border  lies  the  broad  region  of  open  country 
known  as  Green  River  Basin  ;  the  eastern  end  of  the  Uinta  Mountain 
range  occupies  the  western  portion,  and  White  River  Valley  lies 
along  its  southern  border. 

While  some  portions  of  the  surface  of  this  district  consist  of  open 
or  comparatively  plain  country,  much  of  it  is  hilly  besides  those  por¬ 
tions  which  may  properly  be  designated  as  mountainous.  Besides 
the  eastern  end  of  the  Uinta  Mountains,  there  are  several  other  promi¬ 
nent  topographic  features  within  the  limits  of  this  district.  The 
Danforth  Hills  rise  upon  the  space  between  Yampa  and  White 
Rivers  in  the  eastern  part  of  the  district.  Yampa  Plateau  and  Mid¬ 
land  Ridge  are  conspicuous  features  of  the  southwestern  part ;  and 
other  more  or  less  isolated  elevations  worthy  of  the  name  of  mount¬ 
ains,  occur  in  different  portions  of  it.  Among  the  latter  are  Junc¬ 
tion  and  Yampa  Mountains,  which,  because  of  their  peculiar  struct¬ 
ure  rather  than  because  of  their  great  prominence  as  topographic 
features,  are  to  receive  special  consideration.  They  are  two  isolated 
mountains  lying  eastward  from  and  in  line  with  the  Uinta  Range. 
They  rise  abruptly  out  of  the  basin  or  broad  valley  through  a  part  of 
which  Yampa  River  flows,  and  which,  for  reasons  that  will  be  made 
obvious,  I  have  called  Axial  Basin. 

The  principal  drainage  of  the  district  is  effected  by  Green  River, 
its  tributaries,  White  and  Yampa  Rivers,  and  by  Snake  River,  a 
tributary  of  the  latter.  Green  River  is  itself  the  principal  tributary 
of  the  Colorado  of  the  West,  or  more  properly  speaking,  it  is  the 
northern  portion  of  that  river  and  ought  never  to  have  received 
another  name. 

This  district  is  a  part  of  the  great  arid  region  of  the  continent,  and 
therefore  the  low-land  tributaries  of  the  rivers  are  mostly  dry  dur¬ 
ing  the  summer,  which  is  the  only  part  of  the  year  during  which 
surveys  are  practicable,  mainly  because  at  other  times  the  excess  of 
water  in  the  rivers  renders  them  unfordable.  That  is,  in  summer 
only  the  main  portions  of  these  rivers,  and  a  few  branches  supplied 
by  perennial  springs,  contain  water,  and  this  is  mostly  derived 
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from  mountain  tributaries.  Consequently,  while  active  erosion  of 
the  general  surface  is  suspended  there  during  a  large  part  of  the  year* 
direct  corrasion  of  the  river  beds  is  constant.  Passing  mention  may 
be  made  of  the  fact  that  this  constancy  of  corrasion  has  prevailed 
in  that  region  through  a  long  period  of  time,  a  part  of  the  results  of 
which  are  the  numerous  deep  and  narrow  canons  now  found  there. 

In  consequence  also  of  the  general  aridity  of  the  region  during  a 
large  part  of  the  year  vegetation  is  sparse  upon  the  lower  plain  and 
hilly  lands,  which  are  always  the  drier,  and  even  that  of  the  moun¬ 
tains  is  not  usually  sufficient  in  amount  to  materially  hinder  the 
study  of  the  underlying  formations  by  obscuring  them.  This  con¬ 
dition,  together  with  the  rapid  removal  by  erosion  during  the  winter 
months  of  the  debris  resulting  from  the  disintegration  of  the  for¬ 
mations  greatly  facilitates  the  study  of  the  geology  of  that  region. 

Other  important  features  of  this  district  are  its  canons.  These 
will  necessarily  be  referred  to,  and  in  part  described  on  following 
pages.  Those  of  Yampa  River,  although  shorter  and  less  deep  than 
many  others,  will  receive  special  attention  because  of  their  peculiar 
characteristics,  and  of  their  extraordinary  relation  to  Junction  and 
Yampa  Mountains,  and  to  the  Uinta  Range.  Besides  a  discussion 
of  certain  of  the  mountains  and  canons  of  this  district,  evidence 
will  be  presented  that  the  Uinta  and  Rocky  Mountain  ranges  have 
important  structural  relations  with  each  other  although  their  axes 
are  at  nearly  right  angles,  and  although  there  are  considerable  dif¬ 
ferences  between  their  older  rock  formations  respectively. 

Partial  descriptions  of  the  mountains  and  canons  referred  to  have 
been  published  by  Powell,1  King,2  and  Hague  &  Emmons,3  and  by 
myself,4  but  while  omitting  many  matters  of  great  interest,  I  shall 
attempt  a  somewhat  fuller  presentation  of  the  special  subjects  se¬ 
lected  than  has  heretofore  been  published,  and  try  to  point  out  more 
clearly  the  significance  of  certain  phenomena  which  have  been  ob¬ 
served  there. 

GEOLOGICAL  FORMATIONS  OF  THE  DISTRICT. 

As  the  phenomena  which  it  is  now  proposed  to  discuss  pertain  to 
the  elevation,  displacements,  and  degradation  of  the  great  forma¬ 
tions  of  stratified  rocks  that  prevail  in  the  region  which  embraces 
the  district  before  designated,  it  is  necessary  to  give  some  account  of 
them.  The  following  table  comprises  a  list  of  these  formations, 
beginning  with  the  latest,  together  with  the  estimated  thickness  of 
each  as  they  have  been  measured  in  the  region  embracing  the  eastern 

1  Geology  of  the  Uinta  Mountains. 

2U.  S.  Geol.  Expl.  40th  Parallel,  vol.  1. 

3  U.  S.  Geol.  Expl.  40th  Parallel,  vol.  2. 

*  Annual  Report  U.  S.  Geol.  Surv.  Terr.,  for  1876. 
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end  of  the  Uinta  Range.  Following  the  list,  a  description  of  each 
formation  is  given,  so  far  as  is  deemed  necessary  for  the  present  pur¬ 
pose  : 

Table  of  the  Formations. 


Cenozoic . Tertiary 


Brown's  Park  group 

Bridger  group . 

Green  River  group. . 
Wasatch  group . 


'  Cretaceous 


Mesozoic 


Laramie  group 1 . 
Fox  Hills  group 
Colorado  group. 
Dakota  group. . . 


Paleozoic . . 


^  Jura-Trias . 

^  Carboniferous  . . 
|  Uinta  sandstone 


Archean 


Feet. 

1,200-  1,800 
100-  2,000 
1,400 
2, 000-  2,  500 
2, 000-  3, 000 
1,800 
2,000 
500 

2, 500-  5, 000 
3, 000-  4,  000 
12, 000-14, 000 


ARCHEAN  ROCKS. 

The  Uinta  Mountain  range  is  unlike  the  Rocky  Mountain  ranges 
in  not  having  the  crystalline  Archean  rocks  exposed  as  a  central  or 
axial  mass.  It  is  highly  probable  that  Archean  rocks  rose  in  the 
axis  of  the  Uinta  fold  during  its  elevation,  somewhat  as  they  are 
represented  in  the  generalized  section,  Fig.  58,  and  as  they  rose  in 
the  orogenic  folds  of  the  Rocky  Mountain  system  where  they  are 
very  conspicuous.  So  far  as  is  known,  however,  they  were  not  suffi¬ 
ciently  elevated  in  the  axis  of  the  Uinta  fold  to  have  become  bared  by 
the  erosion  which  has  given  the  Uinta  Mountains  their  present  form. 
The  only  rocks  of  this  age  which  are  exposed  to  view  in  the  district 
under  discussion,  or  that  are  known  to  be  exposed  in  any  part  of  the 
fold,  are  not  in  its  axis ;  they  occupy  a  small  area  upon  its  northern 
flank,  not  far  from  the  eastern  end  of  the  main  fold.  The  fact  that 
the  Uinta  quartzite  rests  unconformably  upon  these  Archean  rocks 
suggests  the  probability,  first  mentioned  by  Powell,2  that  the  latter 
were  raised  by  a  circumscribed  uplift  in  Archean  time ;  and  that  they 
constituted  an  island  which  remained  such  while  at  least  the  earlier 
part  of  the  Uinta  strata  were  being  deposited.  In  the  subsequent 
elevation  of  the  great  fold  it  is  only  a  part  of  this  island  portion  of 
the  great  Archean  mass  that  has  been  brought  to  view. 

While  these  rocks  are  probably  geologically  equivalent  with  the 
Archean  rocks  of  the  Rocky  Mountain  ranges,  it  is  worthy  of  remark 
that  those  of  the  Uinta  Mountains  present  considerable  lithological 
differences  from  those  of  the  Rocky  Mountain  system.  That  is, 

1  See  remarks  with  foot-note  reference  on  pp.  690,  695,  696. 

2  See  Geology  of  the  Uinta  Mountains,  p.  139. 
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although  they  both  contain  similar  component  minerals,  their  pro¬ 
portions  in  the  rocks  of  the  two  ranges  are  very  different.  A  white 
or  light  gray  quartz  is  so  largely  prevalent  in  the  Uinta  Mountain 
Archean,  and  the  other  minerals  are  in  such  small  proportion,  that 
Powell  designated  it  as  a  quartzite  in  the  name  which  he  gave  to 
the  formation.1 

These  rocks  not  having  been  observed  in  the  axis  of  the  Uinta  fold, 
it  will  not  be  necessary  to  take  them  any  further  into  consideration 
now,  nor  when  estimating  the  amount  of  vertical  displacement  of 
the  strata  entering  into  that  fold,  except  to  regard  them  as  consti¬ 
tuting  the  floor  of  the  Uinta  quartzite. 

UINTA  SANDSTONE. 

This  great  formation  extends  from  end  to  end  of  the  Uinta  range 
of  mountains  and  constitutes  a  large  part  of  their  bulk.  It  is  also 
found  in  the  isolated  upthrust  mountains  just  beyond  the  eastern 
end  of  the  range  which  have  already  been  mentioned ;  but  it  has  not 
been  recognized  as  such  in  any  part  of  the  Rocky  Mountain  system, 
nor  elsewhere  northward,  southward,  or  eastward  from  the  Uinta 
Range.  This  is  somewhat  remarkable  in  view  of  the  uniform  char¬ 
acter  of  the  formation,  and  of  its  great  thickness  in  that  range 
which,  according  to  Powell,  reaches  a  maximum  of  14,000  feet. 

This  formation  has  usually  a  brown,  or  dark  ferruginous  color, 
and  the  ordinary  regularly  bedded  character  of  sandstone.  In  some 
places  it  has  nearly  the  compactness  of  true  quartzite,  but  usually 
its  hardness  is  that  of  ordinary  firm  sandstone.  In  some  places  soft 
and  shaly  layers  are  found,  but  these  are  exceptional.  As  a  whole, 
the  general  lithological  character  of  the  formation  is  readily  recog¬ 
nizable  ;  and  it  has  considerable  uniformity  throughout  its  geograph¬ 
ical  extent,  and  from  the  lowest  to  the  uppermost  known  strata. 

Much  difference  of  opinion  has  prevailed  as  to  the  true  geological 
age  of  the  Uinta  Sandstone.  King,  who  gave  it  the  name  of  Weber 
Quartzite,  states  that  it  is  of  Carboniferous  age;2  in  which  view 
Hague  and  Emmons  concur.3  Powell  referred  it  provisionally  to 
the  Devonian ; 4 5 6  Marsh  was  disposed  to  regard  it  as  belonging  to  the 
Silurian, s  at  least,  in  part ;  and  Hayden  was  of  the  opinion  that  it 
ought  to  be  referred  to  the  Lower  Silurian. 8 

1  See  Geology  of  the  Uinta  Mountains,  p.  187. 

2U.  S.  Geol.  Expl.  40th  Parallel,  vol.  1,  pp.  152  and  240. 

3U.  S.  Geol.  Expl.  4th  Parallel,  vol.  2,  pp.  290,  323,  and  452.  In  a  foot-note  to 
page  99,  however,  they  indicate  some  doubt  as  to  the  correctness  of  their  opinion 
as  first  formed. 

‘Geology  of  the  Uinta  Mountains,  p.  141.  But  it  is  proper  to  state  that  I  have 
personal  knowledge  of  the  fact  that  for  the  past  ten  years  Major  Powell  has  regarded 
this  formation  as  of  pre-Cambrian  age. 

5  Am.  Jour.  Sci.,  3d  series,  vol.  1,  p.  193. 

6  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr.,  for  1870,  p.  50. 
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Whatever  may  be  the  geological  age  of  the  Uinta  Sandstone,  it  is 
certain  that  the  undoubted  Carboniferous  rocks  of  this  district  rest 
directly  upon  it ;  and,  according  to  Powell,  there  is  in  many  places 
distinct  unconformity  between  them.  It  is  also  true  that  within  this 
district  no  other  rocks  than  the  Archean  have  been  found  beneath 
the  Uinta  Sandstone. 


CARBONIFEROUS. 

The  conditions  attending  the  deposition  of  the  Carboniferous  series 
in  that  far  western  region  were  different  from  those  which  attended 
the  deposition  of  the  rocks  of  the  same  age  in  the  region  drained  by 
the  Mississippi ;  and  the  full  series  in  the  two  regions  respectively 
are  therefore  differently  divided.  In  the  region  of  the  Uinta  Mount¬ 
ains  the  Carboniferous  series  has  been  divided  into  three  nominal 
formations,  mainly  upon  lithological  grounds,  all  of  which  are  strictly 
conformable  with  one  another.  The  series  in  this  region  consists  in 
large  part  of  limestones,  but  in  part  of  sandstones,  all  of  which  usu¬ 
ally  are  regularly  bedded,  and  most  of  which  are  compact  and  hard. 
Shaly  or  softer  strata  rarely  occur  among  them,  and  coal,  which  so 
distinctly  characterizes  the  series  elsewhere,  has  never  been  discov¬ 
ered  among  its  strata  there.  Because  of  this  strict  conformity  of  the 
three  nominal  formations  of  the  Carboniferous  series  with  one  an¬ 
other  in  this  region,  and  the  generally  firm  character  of  all  the 
strata  composing  them,  the  whole  series  will  be  treated  as  a  single 
unit  in  the  following  discussions. 

Attention  should  here  be  called  to  the  fact  that  the  Paleozoic  strata, 
that  is,  those  of  the  Uinta  and  Carboniferous  formations,  consist  as 
a  whole  of  much  harder  rocks  than  those  of  the  later  formations,  de¬ 
scriptions  of  which  now  follow. 

JURA-TRIAS. 

Resting  comformably  upon  the  Carboniferous  in  this  district  there 
is  a  series  of  sandstones  which  have  usually  been  regarded  as  of  Tri- 
assic  age,  but  it  is  probable  that  the  lower  portion  ought  to  be 
assigned  to  the  Carboniferous  series.  These  sandstones  consist  of 
yellowish,  moderately  firm  strata  above,  of  yellowish  softer  strata 
below ;  and  between  them  a  thick  mass  of  bright  red  or  brownish- 
red  strata,  most  of  which  are  moderately  firm.  The  Triassic  age  of 
all  of  them  except  the  lower  portion  just  mentioned,  has  rarely 
been  questioned  ;  but  the  strata  of  that  portion  being  usual]  y  barren 
of  fossils,  its  geological  age  has  not  been  determined  with  as  much 
accuracy  as  could  be  desired. 

Upon  the  Triassic  sandstones  comes  a  small  series  of  beds  which  are 
usually  referred  definitely  to  the  Jurassic.  They  consist  of  soft, 
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variegated  bad-land1  sandstones,  with  occsionally  harder  layers ; 
and  near  the  base  of  this  comparatively  thin  series  of  strata,  a  few 
feet  in  thickness  of  sandy,  slialy,  or  often  calcareous,  fossiliferous 
layers,  are  usually  found.  This  Jurassic  portion  of  the  Jura-Trias 
series  is  hardly  more  than  one-fifth  of  the  whole  in  thickness,  but 
its  distinguishing  characteristics  are  quite  uniform  over  a  wide  geo¬ 
graphical  area. 

CRETACEOUS. 

The  full  Cretaceous  series  in  this  district,  exclusive  of  the  Laramie, 
reaches  a  thickness  of  4,300  feet ;  and  the  Laramie  has  here  a  thick¬ 
ness  of  2,000  to  3,000  feet  additional.  In  accordance  with  the  views 
expressed  by  me  on  a  former  occasion2 1  here  place  the  Laramie  among 
the  Cretaceous  formations.  This  arrangement  is  the  more  desirable 
in  the  present  case  because  the  stratigrapliical  and  not  the  paleonto¬ 
logical  relations  of  the  formations  are  discussed.  That  is,  in  these 
discussions  prominence  is  necessarily  given  to  the  fact  that  not  only 
does  the  Laramie  group  rest  comformably  upon  the  marine  Cretace¬ 
ous,  but  the  former  group  is  fully  involved  with  all  the  formations 
earlier  than  itself  in  all  the  displacements  which  are  mentioned  as 
having  occurred  in  this  district,  while  the  later  formations  were  not 
thus  fully  involved. 

The  Dakota  Group,  the  lowermost  of  the  Cretaceous  series  in  this 
region,  and  the  equivalent  of  No.  1  of  the  Upper  Missouri  section  of 
Meek  &  Hayden,  here  presents  nearly  the  same  general  characteris¬ 
tics  which  it  possesses  throughout  the  great  Rocky  Mountain  region. 
The  upper  portion  consists  of  yellowish  or  brown  rough  sandstone, 
the  middle  portion  of  variegated  sandstone,  and  the  lower  portion  of 
irregularly  bedded  pebble  conglomerate.  The  strata  are  generally 
firm,  and  their  escarpments  prominent. 

The  Colorado  Group,  the  equivalent  of  Nos.  2  and  3  of  Meek  & 
Hayden,  consists  in  this  district  of  dark  colored  argillaceous  shales, 
and  clayey  and  sandy  strata,  with  occasional  layers  of  moderately 
firm  sandstones.  All  these  strata  are  so  soft  that  they  seldom  appear 
in  escarpments ;  and  because  of  the  facility  with  which  they  are 
eroded  they  have  given  place  to  certain  of  the  basins  and  broader 
valleys. 

The  Fox  Hills  Group,  the  equivalent3  of  Nos.  4  and  5  of  Meek  & 

1  The  Mauvaises  Terres  or  Bacl-Lands  of  the  West  are  usually  covered  with  debris 
which  is  often  so  soft  as  to  yield  to  the  pressure  of  the  foot ;  but  the  material  before 

erosion  is  almost  always  a  soft  earthy  sandstone,  designated  as  bad-land  sand¬ 
stone. 

3  See  White,  C.  A. ,  on  the  relation  of  the  Laramie  Group  to  earlier  and  later  for¬ 
mations  :  Am.  Jour.  Science,  3d  series,  Vol.  35,  pp.  432-438. 

3  Since  this  article  was  written  I  have  adopted  the  name  Montana  Group  pro¬ 
posed  by  Mr.  Geo.  H.  Eldridge  for  the  equivalent  of  Nos.  4  and  5  of  the  Upper  Mis¬ 
souri  section.  See  Am.  Jour.  Sci.,  Vol.  XXXVIII,  Oct.  1889,  pp  313-321. 

9  GEOL - 44 


690 


GEOLOGY  OF  NORTHWESTERN  COLORADO. 


Hayden,  here  presents  some  differences  in  lithological  character  from 
that  which  it  possesses  in  other  districts.  The  upper  part  consists 
mainly  of  the  more  common,  somewhat  soft  sandstones,  hut  the  lower 
portion  is  so  largely  made  up  of  soft,  sandy,  and  argillaceous  shales, 
similar  to  the  shales  of  the  Colorado  Group,  that  in  the  absence  of 
characteristic  fossils  it  is  difficult  to  distinguish  the  two  formations 
apart  where  they  are  foi#id  in  contact. 

The  Laramie  Group  consists  mainly  of  sandstones  and  sandy  shales. 
The  sandstones,  while  not  often  very  hard,  are  frequently  so  firm 
that  they  form  abrupt  escarpments  ;  and  they  also  form  prominent 
hogbacks  when  tilted  at  a  high  angle.  The  absence  of  true  marine 
fossils  in  this  great  formation,  and  the  presence  throughout  its  wide 
geographical  extent  of  such  forms  as  now  characterize  fresh  and  brack¬ 
ish  waters  is  worthy  of  notice.  These  facts  indicate  that  the  forma¬ 
tion  was  deposited  in  a  great  inland  sea,  or  one  which  was  largely 
cut  off  from  the  open  ocean  by  land  barriers  which  were  elevated  at 
the  close  of  the  Fox  Hills  epoch.  These  barriers  probably  did  not 
reach  any  considerable  height  above  the  sea  ;  or  at  least  their  eleva¬ 
tion  was  evidently  not  a  part  of  the  orogenic  movements  which  began 
at  the  close  of  the  Laramie  period,  and  resulted  in  the  production  of 
the  Uinta,  and  other  great  folds  upon  a  broad  and  rising  continental 
area. 


TERTIARY. 

The  Tertiary  strata  of  this  district  are  all  of  fresli-water  origin, 
and  are  divided  into  four  groups.  The  three  lower  ones  are  usually 
referred  to  the  Eocene  without  hesitation ;  while  the  upper  one  is 
sometimes  referred  to  the  Eocene,  sometimes  to  the  Miocene,  and 
sometimes  to  the  Pliocene.  The  three  lower  groups  are  strictly  con¬ 
formable  with  one  another,  and  the  lowest  one  appears  in  this  dis¬ 
trict  to  rest  conformably  upon  the  Lamarie,  where  the  contact  has 
been  observed.  The  upper  or  Brown’s  Park  group,  however,  is  con¬ 
spicuously  unconformable  with  the  other  Tertiary  formations,  as  well 
as  with  all  the  other  formations  with  which  it  is  found  in  contact. 

The  Wasatch  Group,  the  equivalent  of  the  Bitter  Creek  group  of 
Powell  and  of  the  Vermillion  Creek  group  of  King,  consists  in  this 
district  of  alternating  harder  and  softer  sandstones  below,  and  of 
bad-land  sandstones  above. 

The  Green  River  Group  consists  of  coarse,  irregularly  bedded 
sandstone  above,  and  sandy  and  calcareous,  with  occasionally  car¬ 
bonaceous,  layers  below,  which  are  generally  thin  bedded,  and  occa¬ 
sionally  shaly.  The  maximum  thickness  of  both  divisions  in  this 
district  is  only  about  1,400  feet,  which  is  about  equal  to  the  full 
thickness  that  this  formation  is  known  to  have  elsewhere. 

The  Bridger  Group  reaches  a  thickness  of  only  about  100  feet  in 
this  district,  but  northwestward  from  this  district  it  has  been 
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observed  to  reach  a  maximum  thickness  of  about  2,000  feet.  It  con¬ 
sists  mainly  of  bad-land  sandstones,  but  sometimes  the  layers  have 
considerable  firmness. 

The  Brown’s  Park  Group  is  regarded  as  equivalent  to  the  Uinta 
group  of  King.1  The  latter  name  was  given  by  King  to  those  strata 
of  the  group  that  occur  on  the  south  side  of  the  eastern  end  of  the 
Uinta  range;  but  he  did  not  recognize  those  upon  the  north  and 
east  sides  as  being  different  from  the  Green  River  group.2  The 
southern  portion  presents  a  reddish  or  yellowish  ferruginous  aspect; 
while  the  northern  and  eastern  portions  have  throughout  an  unus¬ 
ually  light  color.  This  difference  in  color  is  perhaps  due  to  the  deri¬ 
vation  of  material  from  the  red  Triassic  sandstones  in  the  one  case, 
and  from  the  light-colored  Bridger  and  Green  River  groups  in  the 
other. 

The  Brown’s  Park  group  consists  mainly  of  sandy  material, 
usually  fine  grained,  with  occasionally  gravelly  strata.  The  strata 
are  sometimes  evenly  bedded  and  firm,  but  they  are  often  irregular 
and  friable ;  and  they  are  frequently  incoherent  where  exposed  at 
the  surface.  Because  it  rests  unconformably  upon  all  the  other 
formations  with  which  it  comes  in  contact,  it  obscures  the  underly¬ 
ing  geological  structure  in  numerous  places  ;  but  seldom  to  such  an 
extent  as  to  leave  the  real  character  of  the  structure  in  doubt. 

Besides  the  formations  described  in  the  foregoing  paragraphs 
there  are  certain  later  surface  accumulations  ;  but  as  they  have  no 
necessary  relation  to  the  special  subjects  of  this  article  they  are  not 
represented  upon  the  accompanying  map  ;  and  they  are  mentioned 
here  only  by  name.  They  are  the  Bishop’s  Mountain  Conglomerate 
(  =  Wyoming  Conglomerate  of  King),  the  local  drift  derived,  appar¬ 
ently  by  glaciation,  from  both  the  Uinta  and  Park  ranges,  and  the 
Quaternary  deposits  of  the  river  valleys.  Eruptive  rocks  are  also 
found  in  the  eastern  part  of  the  district,  as  represented  upon  the  ac¬ 
companying  map  ;  but  a  description  of  them  is  not  deemed  necessary 
for  the  present  purpose. 


DISPLACEMENTS. 

» 

The  displacements  which  those  formations  have  suffered  in  this 
district  are  numerous,  and  some  of  them  are  of  great  vertical  ex¬ 
tent.  They  are  mainly  in  the  form  of  folds  or  of  more  circumscribed 
uplifts,  and  of  more  or  less  conspicuous  tiltings.  The  principal  dis¬ 
placement  within,  or  that  reaches  within,  this  district  is  the  great 
Uinta  fold. 

1  Not  the  Uinta  group,  or  Uinta  quartzite  at  Powell  (op.  cit.). 

2  See  Atlas  U.  S.  Geol.  Expl.  40th  parallel,  Map  II,  east  half.  Also  compare  with 
the  map  accompanying  this  article,  and  with  map  B,  of  atlas  of  Geology  of  the 
Uinta  Mountains. 
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THE  UINTA  FOLD. 

Tliis  fold  lias  usually  been  described  as  having  its  eastern  end 
terminating  abruptly  in  northwestern  Colorado.  As  a  conspicu¬ 
ous  fold  it  does  so  terminate ;  but  continuous  with  its  axis  to  the 
eastward  there  is  a  long  gentle  anticline  which  reaches  by  a  broad 
curve  to  the  foot-hills  of  the  Park  Range,  and  which  I  regard  as  a 
continuation  of  the  Uinta  fold.  I  therefore  divide  the  Uinta  fold 
into  two  portions,  namely,  the  main  portion  or  the  Uinta  fold  proper, 
and  the  inceptive  portion  of  the  same.  For  convenience  of  descrip¬ 
tion  I  shall  so  designate  them  in  this  article. 

Both  Powell1  and  King2  have  shown  that  the  Uinta  fold  is  com¬ 
posed  of  a  series  of  formations  of  stratified  rocks  of  great  thickness, 
which  have  all  been  elevated  together  along  an  approximately  east 
and  west  axis.  The  fold  proper  is  about  one  hundred  and  fifty  miles 
in  length,  and  from  thirty  to  forty  miles  in  width  at  the  extreme  limit 
of  the  upturned  strata  at  either  side.  Its  western  end  is  blended  with 
the  Wasatch  Range  in  Utah,  which  it  meets  at  nearly  right  angles. 
Its  eastern  terminus  is  about  thirty  miles  within  and  east  of  the 
western  boundary  of  Colorado,  and  about  the  same  distance  from 
the  northern  boundary.  Its  axis  is  not  quite  straight,  the  maps  of 
its  surveys  showing  gentle  and  somewhat  irregular  meanderings. 
One  of  these  gives  its  eastern  end  a  gentle  curve  a  little  to  the  south 
of  its  general  course,  which  brings  it  into  line  with  the  curved  axis 
of  the  inceptive  portion  of  the  fold. 

This  great  fold  is  remarkable  for  its  simplicity  and  its  peculiar 
characteristics,  as  compared  with  the  other  orogenic  displacements 
which  have  occurred  in  that  great  region  ;  that  is,  while  its  western 
end  blends  with  the  Wasatch  Range,  and  its  eastern  end  has  structu¬ 
ral  relation  with  the  Rocky  Mountain  system,  the  great  fold,  as  a 
whole,  has  certain  characteristics  peculiarly  its  own,  and  it  has  also 
few  lateral  complications.  It  is  true  there  are  certain  minor  plica¬ 
tions  adjacent  to  the  range;  but,  with  the  exception  of  the  Yampa 
Plateau J  fold,  these  are  comparatively  small  and  inconspicuous. 

It  is  out  of  the  formations  which  were  brought  up  in  the  great 
Uinta  fold  that  the  mountain  range,  as  we  now  know  it,  has  been 
carved.  This  carving  has  been  accomplished  by  the  ordinary  pro¬ 
cess  of  erosion  which  is,  and  always  has  been,  in  constant  action  upon 
the  surface  of  the  earth ;  but  it  lias  here  been  effected  upon  a  scale 
of  such  magnitude  that  the  present  majestic  peaks  may  be  properly 
regarded  as  only  shreds  of  the  enormous  mass  which  has  been  up¬ 
lifted  there.  Some  of  the  higher  peaks  of  the  range  have  now  a 

1  Geology  of  the  Uinta  Mountains. 

2U.  S.  Geol.  Expl.  40th  Parallel,  vol.  1. 

3  Yampa  Plateau  must  not  be  confounded  with  Yampa  Mountain.  Separate 
names  for  each  would  be  used  here  if  it  were  deemed  expedient  to  change  either  of 
them  after  their  long  publication  and  use. 
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height  of  more  than  7,000  feet  above  the  general  surface  of  the  sur¬ 
rounding  region ;  and  the  elevation  of  the  region  itself  is  so  great 
that  the  summits  of  those  higher  peaks  are  more  than  13,000  feet 
above  the  level  of  the  sea. 

Powell  has  shown  that  the  Uinta  fold  is  of  a  peculiar  type,1  being 
characterized  by  an  abrupt  upward  flexure  of  the  strata  at  either 
side,  which  in  some  places  is  a  true  fault,  while  between  the  two 
abrupt  side  flexures  the  fold  is  broad,  and  its  convexity  compara¬ 
tively  gentle. 


Fig.  57.  Diagram  representing  the  Uinta  type  of  displacement. 

The  accompanying  diagram  (Fig.  57)  copied  from  Powell,  illus¬ 
trates  this  peculiar  form  which  he  designated  as  the  Uinta  type  of 
displacement.  This  peculiar  type  characterizes  not  only  the  main 
fold,  but  it  is  recognizable  in  some  of  its  subordinate  uplifts;  for  ex¬ 
ample,  in  the  midland  and  Yampa  Plateau  folds. 

Before  proceeding  with  a  description  of  the  great  fold  it  is  proper 
to  refer  to  some  other  matters  which  are  of  general  importance  in 
this  connection.  Attention  has  been  called  to  the  fact  that  the  Car¬ 
boniferous  and  Uinta  Sandstone  formations  are  mainly  composed  of 
hard  rocks.  The  later  formations,  from  the  Ju'ra-Trias  to  the  Lara¬ 
mie  inclusive,  although  their  strata  are  often  firm,  are,  as  a  whole, 
composed  of  softer  rocks,  many  of  them  yielding  readily  to  disinte¬ 
grating  action.  The  same  may  be  said  of  the  three  lower  Tertiary 
formations,  while  the  upper  one,  or  Brown’s  Park  group,  is  in  still 
larger  part  composed  of  friable  materials.  It  should  be  further 
mentioned  that  all  these  softer  formations  are  mainly  composed  of 
siliceous  sand. 

These  facts  are  mentioned  here  because  of  their  bearing  upon  the 
question  of  the  origin  of  the  present  remarkable  topographic  feat¬ 
ures  of  this  region.  One  may  readily  understand  that  if  the  earlier 
formations  had  consisted  of  softer  rocks  than  the  later  ones,  the 
topographic  features  resulting  from  their  displacements  and  from 
the  erosion  which  the  whole  have  suffered,  would  have  been  very 
different  from  what  they  now  are.  Again,  one  quickly  reaches  the 
conclusion  that  it  is  the  siliceous  materials  of  the  softer  formations 
that  have  been  made  the  instrument  of  corrasion  of  the  harder  rocks, 
which  fact  will  presently  be  discussed. 

Other  conditions  being  equal  the  rapidity  and  extent  of  disinte¬ 
gration  and  erosion  would  depend  largely  upon  the  varying  hardness 
of  the  rocks  thus  effected,  but  it  is  not  always  the  case  that  the  softer 


1  Geology  of  the  Uinta  Mountains,  p.  17. 
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rocks  have  suffered  most  in  this  respect.  In  fact,  the  hardest  rocks 
have  yielded  to  such  action,  and  to  the  more  direct  action  of  corra- 
sion,  to  a  surprising  extent,  and  in  this  district  numerous  examples 
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are  found  which  seem  to  show  that  they  have  offered  as  little  resist¬ 
ance  to  erosion  as  the  softer  rocks  have  done,  and  in  some  cases,  at 
least,  they  seem  to  have  offered  less  resistance  to  the  corrasive  action 
of  rivers  than  have  the  softer  rocks.  The  reason  for  making  this 
latter  suggestion  will  be  made  apparent  in  the  following  paragraphs 
which  refer  to  river  canons. 

It  is  the  softer  rocks  which  have  yielded  the  instrumental  material 
for  the  corrasion  of  the  canons  in  the  harder  formations.  If  there 
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had  been  no  thick  formations  of  hard  strata  there  could  have  been 
no  narrow,  deep  canons,  and  if  there  had  been  no  extensive  forma¬ 
tions  of  friable  siliceous  rocks  in  the  same  or  adjacent  district  the 
canons  could  not  have  been  cut  for  the  want  of  the  proper  instru¬ 
ment.  In  short,  and  as  has  already  been  mentioned,  it  is  sand, 
together  with  other  rock  fragments,  that  has  served  as  the  instru¬ 
ment  of  corrasion,  while  the  moving  water  of  the  rivers  has  served 
as  the  vehicle  for  transporting  the  instrument,  and  as  the  medium 
for  applying  the  power  by  which  the  corrasion  was  accomplished. 

Let  us  now  return  to  a  consideration  of  the  great  Uinta  fold.  The 
study  of  the  present  geological  structure  of  a  region  enables  us  to 
reach  important  conclusions  as  to  the  past  geological  history  of  that 
portion  of  the  earth  of  which  it  forms  a  part.  Such  a  study  of  the 
region  round  about  the  Uinta  Mountains  shows  that  the  formations 
there  were  not  all  equally  involved  in  the  great  fold.  The  present 
condition  of  those  formations  and  their  relation  to  one  another,  show 
that  all  of  them,  from  the  Uinta  sandstone  to  the  Laramie  inclusive, 
were  equally  involved  in  that  fold,  while  the  relation  of  the  Tertiary 
formations  to  those  older  ones,  show  that  these  were  only  partially 
involved  in  it.  These  relations  of  the  formations  to  one  another, 
and  to  the  great  fold,  are  graphically  illustrated  by  the  accompany¬ 
ing  generalized  section  of  the  Uinta  fold.  (Fig.  58.) 

From  the  foregoing,  and  other  correlated  facts,  the  inference  is 
drawn  that  the  elevation  of  the  great  Uinta  fold  was  begun  imme¬ 
diately  upon  the  close  of  the  Laramie  period,  and  before  the  first  of 
the  fresli-water  Tertiary  strata  were  deposited  ;  and  that  it  was 
nearly  complete  before  the  deposition  of  the  Brown’s  Park  group  ; 
the  latest  of  the  fresli-water  Tertiary  series.  Other  facts  already 
referred  to,  indicate  that  the  waters  in  which  the  Laramie  group 
was  deposited  rested  at  a  level  which  was  little,  if  any,  above  that 
of  the  open  sea  ;  and  the  character  and  present  condition  of  the 
Tertiary  formations  show  that  they  were  successively  deposited  at 
respectively  different  heights  above  that  level.  That  is,  they  were 
deposited  in  great  lakes,  the  existence,  extent  and  elevation  of  which 
were  respectively  determined  by  the  varying  configuration  of  the 
general  land  surface  as  elevation  and  degradation  progressed. 

The  facts  which  have  been  presented  show  that  the  orogenic 
movements1  which  have  resulted  in  the  production  of  the  Uinta  and 
other  mountain-making  folds  were  approximately  synchronous  in 
their  origin,  and  coeval  as  to  time-limits  of  their  duration,  with  the 
epirogenic  movements  by  which  the  great  continental  area  upon 
which  those  folds  rest  reached  its  present  elevation.1  These  con- 

1  Certain  epirogenic  movements  must  necessarily  have  taken  place  to  form  the 
barriers  by  which  the  Laramie  sea  was  cut  off  from  the  open  oceans.  Local  un¬ 
conformity  among  the  Laramie  strata,  which  has  been  observed  near  the  top  of  the 
group  in  southern  Wyoming,  indicates  that  certain  other  premonitory  movements 
took  place  before  the  Uinta  fold  was  well  defined. 
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elusions,  and  the  facts  upon  which  they  are  based,  are  of  importance 
in  estimating  the  amount  of  vertical  displacement  which  has  taken 
place  in  the  Uinta  fold,  because  they  constitute  the  data  by  which 
we  determine  the  upper  and  lower  limits  of  the  series  of  formations 
which  were  wholly  involved  in  it,  and  which  alone  need  to  be  con¬ 
sidered  in  that  immediate  connection. 

In  the  case  of  many  mountain  ranges  it  is  difficult  to  estimate  the 
amount  of  vertical  displacement  which  has  taken  place  in  their  ele¬ 
vation.  But  the  Uinta  Range  and  its  foot-iiills  being  composed 
almost  entirely  of  a  series  of  at  least  approximately  comformable 
formations  of  stratified  rocks,  the  thickness  of  each  of  which  has 
been  ascertained,  an  estimate  of  the  amount  of  vertical  displacement 
there  may  be  made  with  a  good  degree  of  confidence  in  its  general 
accuracy. 

The  formations  later  than  the  Laramie  not  having  been  involved 
in  the  beginning  of  the  uplift,  and  the  Archean  rocks  not  being  ex¬ 
posed  in  the  heart  of  the  Uinta  Range,  both  are  excluded  from  the 
estimate  here  given.  This  estimate  is  based  upon  the  ascertained 
thickness  of  each  of  the  formations  from  the  Uinta  sandstone  to  the 
Laramie,  inclusive,  the  elevation  above  the  sea  of  the  lowermost  ob¬ 
served  strata  of  the  Uinta  sandstone,  and  upon  the  fact,  as  assumed, 
that  the  top  of  the  Laramie  was  little,  if  any,  above  the  level  of  the 
sea  when  the  upward  movement  of  the  fold  began. 

In  making  this  estimate  I  have  thought  best  to  use  the  minimum 
thickness  of  each  formation  as  given  in  the  foregoing  table,  lest  I 
should  appear  disposed  to  exaggerate  a  statement  of  facts  which  are 
obviously  so  remarkable-.  The  aggregate  thickness  of  the  forma¬ 
tions  from  the  Uinta  sandstone  to  the  Laramie,  inclusive,  is  thus 
found  to  be  23,800  feet.  Add  to  this  5,000  feet  as  the  height  above 
the  sea  at  which  the  lowermost  strata  of  the  Uinta  sandstone  have 
been  observed,  and,  we  have  an  aggregate  of  28,800  feet,  or  about 
five  and  a  half  miles.1 

It  is  of  course  not  to  be  understood  that  even  the  uppermost  of  the 
strata  of  the  uplifted  series  ever  reached  a  height  above  the  level  of 
the  sea  at  all  approximating  the  full  amount  of  vertical  displace¬ 
ment.  In  fact,  we  have  no  reason  to  suppose  that  any  portion  of  the 
Uinta  Range  ever  attained  a  much  greater  height  than  the  higher 
peaks  now  have,  because  erosion  of  even  the  hardest  rocks  closely 
balances  elevation  after  certain  heights  are  reached. 

1  Accepting  Powell’s  statement  as  to  the  marked  unconformity  between  the  base 
of  the  Carboniferous  and  the  top  of  the  Uinta  sandstone,  and  his  views  as  to  the  pre- 
Cambrian  age  of  the  latter,  geologists  will  readily  perceive  their  great  significance. 
But  these  facts  and  conclusions  do  not  necessarily  affect  the  estimate  here  given  of 
the  amount  of  vertical  displacement  in  the  Uinta  fold.  They  point  to  a  great  blank 
in  geological  history  as  regards  the  region  here  discussed,  the  closing  epoch  of 
which  was  long  anterior  to  any  of  the  movements  and  displacements  described  and 
referred  to  in  this  article. 
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The  readier  yielding  of  the  softer  than  of  the  harder  rocks  to  dis¬ 
integrating  and  erosive  action  under  like  conditions  has  already  been 
referred  to.  This  fact  has  seeming  exemplification  in  the  presence 
of  the  older  and  harder  rocks  in  the  higher  mountains  in  this  dis¬ 
trict,  and  the  removal  of  the  later  and  softer  ones  from  the  more 
elevated  portions  of  the  uplifts,  which  must  necessarily  have  once 
rested  there.  But  it  must  be  borne  in  mind  that  it  would  have  been 
impossible  for  even  the  harder  strata  to  resist  the  constantly  active 
forces  of  degradation,  at  the  great  heights  to  which  the  softer  ones 
would  have  been  carried,  if  they  had  not  been  removed  by  erosion 
while  they  were  being  elevated.  With  these  explanations  we  will 
now  consider  certain  other  topographic  and  structural  features  of 
this  district  which  it  is  the  object  of  this  article  to  discuss. 

The  eastern  terminus  of  the  Uinta  fold  proper  is  by  a  dip  of  its 
greatly  elevated  strata,  which  is  quite  as  abrupt  as  it  is  at  the  sides 
of  the  fold.  This  terminal  dip  has  a  broadly  sweeping  semi-elliptic 
trend,  which  is  marked  by  the  upturned  edges  of  the  later  forma¬ 
tions  that  were  involved  in  the  fold,  as  they  also  mark  the  trend  of 
the  dip  at  either  side.  These  later  formations  having  suffered  com¬ 
plete  erosion  from  a  broad  space  on  either  side  of  the  axis  of  the  fold, 
the  present  mountains  are  found  to  be  composed  of  the  earlier  forma¬ 
tions  almost  alone,  wdiile  the  characteristic  lateral  dips  are  mainly, 
observable  in  the  later  ones. 

The  semi-elliptic  form  of  the  trend  of  the  upturned  strata  is  due 
to  the  preservation  of  the  type  of  uplift  of  the  fold,  even  to  its  very 
end.  The  upturned  strata  which  mark  that  trend,  however,  are  to  a 
considerable  extent  obscured  from  view  upon  the  northern  side. 
This  is  in  part  due  to  a  remarkable  down  throw  of  the  strata  which 
were  there  involved  in  the  fold,  as  has  been  shown  by  Powell.1  and 
in  part  to  the  presence  there  of  the  later  Tertiary  formation  which 
bears  the  name  of  the  park,  as  already  described. 

The  termination  of  the  great  fold  by  a  sudden  dip  while  preserv¬ 
ing  nearly  its  full  width  is  worthy  of  remark,  because  it  shows  that 
the  main  portion  of  the  fold  does  not  pass  gradually  into  the  incep¬ 
tive  portion.  This  condition  might  perhaps  be  regarded  as  an  indica¬ 
tion  that  the  latter  portion  is  not  really  a  continuation  of  the  former 
if  it  were  not  true  that  similar  conditio?is  are  observable  in  the  case 
of  other  displacements  which  are  immediately  connected  with  both 
the  great  fold  and  its  inceptive  portion.  But  this  subject  will  be 
further  considered  in  following  paragraphs. 

THE  YAMPA  PLATEAU,  AND  OTHER  SLTBORDINATE  FOLDS. 

Before  proceeding  eastward,  along  the  inceptive  portion  of  the 
Uinta  fold,  however,  let  us  briefly  consider  three  subordinate  up- 


'Geol.  Uinta  Mountains,  pp.  208,  209. 
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lifts  whicli  lie  adjacent  to  the  southern  side 

5  of  the  eastern  end  of  the  main  fold  and 
"  another,  the  Danforth  Hills  uplift,  which 
I  f  lies  adjacent  to  the  south  side  of  the  ineep- 
|  tive  portion  of  that  fold.  Two  of  the  first 
d  t  mentioned  u|fiifts  are  in  the  form  of  some- 

-g  (5  x 

p  g  what  short  folds  which  lie  closely  adjacent 
P  p  to  each  other,  as  well  as  to  the  main  fold, 
6  %  k  with  the  axis  of  which  the' axes  of  these  two 
g  2  £  subordinate  folds  are  approximately  paral- 
d  |  g  lei.  They  are  designated  as  the  Yampa 
p  £ ;  .g  Plateau  and  the  Midland  folds,  respect- 
•§  "  I  .ively.  The  third  one,  which  I  have  called 
*  .£  £  Raven  Park  uplift,  lies  toward  the  south 
~  d  ^  near  to,  but  not  adjoining,  the  others.  It 
a  S  |  is  approximately  oval  in  outline,  has  a  less 
't,  vertical  displacement  than  the  others,  and 

£  g  g  the  direction  of  its  longer  diameter  is  nearly 
a  ^  «  northwest  and  southeast. 

^  ^  i—3  ^ 

a'  .s  j  It  will  be  observed  that  these  subordi- 

d 

|  a  &  nate  folds  are  clustered  together  at  the 
®  1  8  south  side  of  the  eastern  terminus  of  the 

cc  0J3 

g  |S  main  portion  of  the  great  fold ;  that  the 
^  o  *  two  larger  ones  terminate  suddenly,  espe- 
|p  -2  ^  cially  at  the  eastern  end,  as  does  the  great 
^  p,£  fold  ;  and  that  beyond  these  abruptly  ter- 
1  a  minating  ends  there  are  no  indications  of 
g  ^  ii  a  continuation  of  their  axes. 
tS  5  ■§  The  lateral  relation  of  these  subordinate 
^  So  folds  to  one  another  and  to  the  main  fold  is 

p  c3  Q 

|  S°.  shown  in  the  accompanying  section,  Fig. 
^  &  6  50,  the  line  of  which  is  across  them,  and  ap- 

§  £  a  pro ximately  upon  the  meridian  of  108  50 V 
g  c  2  The  topographic  feature  known  as  Yam- 
|  2  |  pa  Plateau  is  so  closely  blended  with  the 
“  ~  |  mountains  of  the  Uinta  Range  that  it  may 
~  ~  properly  be  regarded  as  a  part  of  the  same. 

It  includes  the  western  portion  of  the  Mid- 

■®  x  _ _ _ : - 

p  g  'The  section  F.  F.,  which  is  given  at  the  bottom 

6  ^  of  the  map  facing  page  GO  of  Ann.  Rep.  U.  S.  Geol. 
p  h  Surv.  Terr.,  for  1870,  was  intended  to  represent  the 
f£  same  strata  and  their  displacements  which  are  rep- 
53  5  resented  in  this  figure.  That  section,  however,  isin- 
p?  correct,  and  was  published  without  an  opportunity 
c  2  having  been  given  the  author  of  the  report  to  cor- 

g  rect  it. 
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land,  as  well  as  that  of  the  plateau  fold,  but  it  does  not  extend  to  the 
eastern  portion  of  either  of  them.  My  present  object, however,  is  to 
refer  to  the  folds  as  a  part  of  the  series  of  displacements  which  it  is 
the  special  object  of  this  article  to  consider,  rather  than  to  describe 
topographic  features. 

Yampa  Plateau  fold  is  about  40  miles  long  from  its  eastern  to  its 
western  terminus.  Its  vertical  displacement  has  been  so  great  as  to 
bring  up  the  Carboniferous  rocks,  which,  by  erosion  of  the  later  for¬ 
mations,  are  exposed  at  the  surface  along  its  whole  length,  leaving 
those  later  formations  upturned  at  the  ends  of  the  fold.  The  east¬ 
ern  end  terminates  as  suddenly  as  that  of  the  main  fold  by  a  simi¬ 
lar  broadly  sweeping  dip  of  its  strata,  and  at  a  point  only  a  little 
further  westward  than  the  terminus  of  the  main  fold.  Its  western 
termination  is  by  two  prominent  spurs,  called  respectively  Split 
Mountain  and  Section  Ridge.  Unlike  most  spurs  which  are  projected 
from  mountain  ranges,  these  are  quite  regular  in  structure.  Each  is 
closely  like  the  other  in  this  respect,  as  well,  as  in  their  dimensions 
and  in  the  extent  of  the  vertical  displacement  which  their  strata 
have  suffered.  The  central  portion  of  each  is  composed  of  Carbonifer¬ 
ous  rocks,  which  are  continuous  with  those  of  the  main  mass  of  the 
plateau,  while  the  Mesozoic  rocks  are  upturned  all  round  their  base 
as  they  are  around  the  other  uplifts  in  this  district. 

The  axis  of  the  Split  Mountain  spur  extends  nearly  15  miles  almost 
due  west  from  the  body  of  the  plateau  ;  but  the  later  formations  in¬ 
volved  having  been  greatly  eroded,  the  spur  as  it  now  exists  is  much 
shorter.  There  is  a  narrow  synclinal  valley  between  it  and  the  main 
fold;  and  a  shorter  more  open  one  between  its  southern  side  and  Sec¬ 
tion  Ridge,  both  of  which  communicate  with  the  open  country  which 
stretches  away  to  the  southward.  The  Section  Ridge  spur  is  some¬ 
what  shorter  than  the  other,  although  the  axial  length  of  this  as 
well  as  of  the  other  is  greater  than  the  breadth,  and  the  direction 
of  its  axis  is  a  little  to  the  south  of  west.  The  strata  involved  in 
these  spurs  dip  regularly  around  the  base  of  each,  and  thence  trend 
away  at  the  base  of  the  plateau  on  the  one  hand,  and  that  of  the 
Uinta  Range  on  the  other.  The  regularly  curved  dip  around  the 
distal  end  of  each  spur  is  so  marked  a  geological  feature  that  I  have 
applied  to  it  the  term  partiversal1  dip. 

The  vertical  displacement  of  Midland  fold  is  less  than  that  of 
Yampa  fold,  so  that  the  Triassic  rocks  occupy  the  greater  part  of  its 
surface,  the  Carboniferous  strata  not  having  been  brought  to  view. 
Its  eastern  terminus  is  by  a  broad  sweeping  dip,  like  that  at  the  east- 

‘A  quaquaversal  dip,  as  the  term  is  usually  applied,  is  in  all  directions  from  a 
given  point.  A  partiversal  dip  is  around  the  vanishing  end  of  an  anticlinal  axis. 
The  region  round  about  the  Uinta  Mountain  Range  contains  numerous  examples  of 
partiversal  dip. 
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ern  end  of  Yampa  Plateau  fold,  and  it  retreats  a  little  to  the  west¬ 
ward,  as  the  last  named  fold  does  with  relation  to  the  terminus  of 
the  main  fold. 

The  Danforth  Hills,  which  have  already  been  mentioned  as  occu¬ 
pying  a  portion  of  the  eastern  part  of  this  district,  rest  upon  the 
comparatively  gentle  fold  or  uplift  to  which  I  have  given  the  same 
name.  This  fold  lies  adjacent  to  the  southern  side  of  the  inceptive 
portion  of  the  Uinta  fold  and  within  the  broad  curve  which  it  makes 

in  its  extension  from  the  Uinta  to  the 
Park  Range.  Its  lateral  position  with 
relation  to  the  inceptive  fold  is  indi¬ 
cated  by  the  section,  Fig.  GO. 

These  subordinate  folds  have  been 
briefly  described  here  that  they  may 
he  referred  to  in  connection  with  the 
discussions  yet  to  he  made.  Let  us 
now  return  to  the  eastern  terminus  of 
the  main  portion  of  the  Uinta  fold 
and  proceed  eastward  along  its  in¬ 
ceptive  portion.  The  axis  of  this 
portion  of  the  fold  passes  along  the 
broad  valley  which  I  have  called 
Axial  Basin,  and  thence  by  a  broad 
curve  to  the  northeastern  base  of  the 
White  River  plateau  which  is  a  spur 
of  the  Park  Range.  It  is  not  a  con¬ 
spicuous  geological  feature,  but  the 
reality  of  its  existence  is  plainly  ap¬ 
parent  on  investigation.  Its  vertical 
displacement,  although  considerable, 
is  comparatively  slight ;  and  the  strata 
involved  are,  in  Axial  Basin,  partly 
covered  from  view  by  those  of  the 
Brown’s  Park  group.  It  also  becomes 
somewhat  indistinct  at  its  eastern  end 
in  consequence  of  the  confusion  of  dips 
upon  approaching  the  foot  hills  of  the 
Park  Range,  and  of  the  presence  there 
of  basaltic  outflows.  Its  general  char¬ 
acter  is  shown  by  Fig.  GO,  representing 
a  section  across  it  about  five  miles 
eastward  from  Yampa  Mountain. 
Upon  this  inceptive  portion  of  the  Uinta  fold  there  have  been 
imposed  two  extraordinary  geological  features,  namely,  the  June- 
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tion  and  Yampa  Mountain  upthrusts,1  which  I  regard  as  the  result 
of  localization,  or  a  locally  intensified  application  of  the  force  by 
which  the  fold  was  elevated,  and  which  will  now  be  considered. 

•  JUNCTION  MOUNTAIN  UPTHRUST. 

Going  only  two  or  three  miles  eastward  from  the  eastern  terminus 
of  the  main  fold,  where  we  have  seen  the  later  formations  dip  so  sud¬ 
denly  from  view,  we  come  to  the  western  border  of  Junction  Mountain 
upthrust.  Here  we  find  the  same  strata  rise  again,  even  more  suddenly 
than  they  disappeared  ;  and  we  also  find  that  the  formations  of  Pale¬ 
ozoic  age,  which  constitute  the  high  mountain  peaks  of  the  Uinta 
Range  only  a  few  miles  away,  are  here  again  uplifted,  not  only  to  the 
surface  of  the  low  land  around  the  mountain,  but  to  a  maximum 
height  of  nearly  2,000  feet  above  it.  The  strata  involved  in  this  uplift 
(which,  because  of  its  sharply  defined  limits,  and  of  the  extent  of  ver¬ 
tical  displacement  of  those  strata,  I  have  called  an  upthrust),  occupy 
an  elongate  oval  area  the  extreme  longer  diameter  of  which  is  nearly 
12  miles,  and  the  shorter  about  4  miles.  The  direction  ot  the  longer 
diameter,  being  approximately  northwest  and  southeast,  is  obliquely 
transverse  to  the  general  trend  of  the  axis  of  the  main  fold.  In  this 
respect,  as  well  as  by  the  peculiar  character  of  displacement  of  the 
strata  involved,  the  isolation  of  this  upthrust  is  quite  complete, 
although  it  lies  so  near  the  terminus  of  the  main  portion  of  the 
Uinta  fold  and  upon  the  axis  of  its  inceptive  portion. 

So  sharply  have  the  strata  been  uplifted  in  this  displacement  that 
they  are  either  faulted  or  are  nearly  or  quite  vertical  at  a  portion  of 
each  side  of  the  upthrust ;  and  they  also  dip  very  abruptly  at  other 
portions,  and  around  its  ends.  The  Mesozoic  formations  through 
which  the  older  ones  were  forced  lie  around  the  mountain,  but  im¬ 
mediately  adjacent  to  it  they  are  largely  covered  from  view  by  the 
strata  of  the  Brown’s  Park  group,  which  lie  unconformably  upon 
them.  The  disturbance  which  those  Mesozoic  formations  have  suf¬ 
fered  in  that  neighborhood  beyond  the  base  of  the  mountain  is  so 
slight  that  one  can  not  recognize  it  as  having  been  connected  with 
the  upthrust  movement.  That  is,  their  position  as  marking  the 
presence  of  the  inceptive  fold  and  certain  subordinate  uplifts  does 
not  seem  to  have  been  changed  by  the  localized  upthrust  movement. 

1  In  using  the  terms  “  uplift”  and  “  upthrust,”  I  do  not  ordinarily  intend  to  ex¬ 
press  an  opinion  as  to  the  actual  direction  of  the  movements  by  which  the  strata 
were  displaced  ;  but  in  describing  displacements  it  seems  to  be  more  natural  to  as¬ 
sume  that  the  lower  mass,  which  is  the  larger,  was  the  fixed  one ;  and  that  the 
higher,  which  is  relatively  the  smaller,  was  uplifted.  The  former  term  needs  no 
explanation  in  such  a  connection.  The  latter  term  is  peculiarly  applicable  to  the 
character  of  the  displacements  by  which  Junction  and  Yampa  Mountains  are  char¬ 
acterized,  as  will  appear  in  connection  with  their  description. 
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The  Mesozoic  formations  which  must  necessarily  have  risen  upon 
the  top  of  the  older  ones  within  the  upthrust  area  have  been  re¬ 
moved  by  erosion  as  has  also  a  large  part  of  the  full  thickness  of 
the  carboniferous  strata  which  came  up  beneath  them.  Therefore, 
only  strata  of  Paleozoic  age  now  enter  into  the  structure  of  the 
mountain  proper,  while  the  upturned  edges  of  the  later  ones,  where 
they  have  not  been  sharply  severed  by  faulting,  lie  around  its  base. 

YAMPA  MOUNTAIN  UPTHRUST. 

Going  from  Junction  Mountain  about  16  miles,  along  the  axis  of 
the  inceptive  fold,  we  pass  all  the  way  over  the  low  lands  of  Axial 
Basin,  the  surface  of  which  is  there  mostly  occupied  by  the  Brown’s 
Park  group,  and  reach  Yampa  Mountain,  which  rises  directly  upon 
that  axis,  as  does  Junction  Mountain.  Here  we  find  that  the  descrip¬ 
tion  which  has  just  been  given  of  the  Junction  Mountain  upthrust 
will  apply  in  all  essential  respects  to  this.  All  around  the  base  of 
Yampa  Mountain  the  strata  of  the  Brown’s  Park  group  cover  the 
immediate  borders  of  this  upthrust,  even  to  a  greater  extent  than 
they  do  those  of  Junction  Mountain  upthrust ;  but  it  is  readily  seen 
that  the  two  mountains  are  essentially  identical  in  structure  and 
character,  and  that  they  have  been  produced  in  a  similar  manner. 
Yampa  upthrust,  however,  is  smaller  than  the  other,  and  it  is  also 
much  farther  away  from  any  other  much-displaced  strata.  Its  out¬ 
line  is  oval,  t-lie  longer  diameter,  including  all  the  strata  involved, 
not  much  exceeding  seven  miles  in  length,  and  its  shorter  diameter 
is  less  than  four  miles.  The  longer  diameter  is  nearly  at  right  angles 
with  that  of  Junction  Mountain  upthrust,  and  it  is  nearly  transverse 
with  the  inceptive  portion  of  the  Uinta  axis,  upon  which  it  rises. 
The  relation  of  these  two  upthrusts  to  each  other,  and  to  the  main 
and  inceptive  portions  of  the  Uinta  fold,  is  indicated  by  the  section, 
Fig.  61. 

The  amount  of  vertical  displacement  is  about  the  same  in  each  of 
these  upthrusts,  the  extent  of  which  is  estimated  from  the  thickness 
of  the  formations  as  given  in  the  foregoing  table,  and  from  the  con¬ 
tour  lines  on  the  published  topographic  maps  of  that  region.  The 
contour  line  which  cuts  the  top  of  the  Uinta  Quartzite  in  both  these 
mountains  passes  along  the  southern  side  of  Axial  Basin  approxi¬ 
mately  at  the  base  of  the  Laramie  and  top  of  the  Fox  Hills  group. 
Referring  to  the  preceding  table  we  find  the  thickness  of  the  inter¬ 
vening  formations  to  be  11,800  feet.  It  is  plain,  therefore,  that  the 
amount  of  vertical  displacement  in  both  these  mountains  is  not  less 
than  is  represented  by  those  figures. 1  That  is,  within  the  narrow 

1  The  estimate  of  8,000  feet  given  in  my  report  on  that  region  (  loo.  cit.)  was  in¬ 
advertantly  made  too  small,  as  may  be  seen  by  the  data  there  used,  as  well  as  by  the 
figures  in  the  preceding  table. 
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and  sharply  defined  limits  that  have  been 
described,  the  strata  of  which  both  these 
mountains  are  composed  have  been  thrust 
up  a  vertical  distance  of  more  than  two 
miles;  which,  in  the  case  of  the  Yampa 
upthrust,  is  nearly  equal  to  one-third  the 
longer  diameter  of  the  area  affected  by  it. 

As  indicating  that  the  amount  of  vertical 
displacement  in  these  upthrusts  is  really 
greater  than  has  been  ment  ioned,  it  may  be 
stated  that  the  Fox  Hills  and  Laramie  strata 
referred  to  have  themselves  been  elevated 
to  a  considerable  extent  in  the  adjacent  Dan- 
fortli  Hills  uplift,  as  shown  by  the  section, 
Fig.  60.  This  figure  will  also  serve  to  illus¬ 
trate  the  relation  of  the  Yampa  upthrust 
to  the  inceptive  fold,  and  to  the  adjacent 
Danforth  Hills  uplift.  That  is,  if  within 
the  space  indicated  by  the  length  of  the  line 
x,  x,  the  strata  should  be  elevated  until  the 
base  of  the  carboniferous  series  reaches  the 
place  of  the  uppermost  dotted  line,  the  ver¬ 
tical  extent  and  lateral  restriction  of  the 
Yampa  upthrust  will  be  indicated. 

RELATION  OF  THE  UINTA  FOLD  TO  OTHER 

FOLDS  AND  TO  THE  PARK  RANGE  UPLIFT. 

It  is  true  that  the  vertical  displacement 
in  the  case  of  the  two  upthrusts  is  much 
less  in  amount  than  is  that  of  the  great  fold  ; 
but  the  amount  of  displacement  is  far  more 
remarkable  in  the  case  of  the  upthrusts  than 
it  is  in  the  case  of  the  fold,  because  of  the 
very  narrow  limits  within  which  the  dis¬ 
placements  in  the  former  case  have  taken 
place.  The  narrow  and  sharply  defined 
limits  of  these  upthrusts,  and  the  severing 
of  the  displaced  portions  of  the  formations 
from  the  great  mass  of  each  respectively, 
with  little  or  no  general  disturbance  of  the 
latter  beyond  those  limits,  may  be  compared 
to  the  action  of  a  large  punch  on  being 
forced  by  great  power  through  a  number 
of  thick  iron  plates.  The  comparison  will 
be  more  complete  if  we  conceive  that  the 
cutting  border  of  such  a  punch  had  become 


Fig.  61.  Section  along  a  part  of  the  inceptive  portion  of  the  Uinta  axis,  showing  the  Junction  and  Yampa  Mountain  upthrusts. 

a,  \  ampa  Mountain;  b,  Junction  Mountain;  c,  Eastern  end  of  the  Uinta  Range;  d,  Yampa  River,  before  entering  Junction  Mountain;  e,  Snake  River;  U,  Uinta  Sand¬ 
stone;  Carb.,  Carboniferous  strata;  JT,  Jura-Trias;  D,  Dakota  group,  Colo.,  Colorado  group;  BP,  Brown's  Park  group. 
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dulled  at  certain  places  so  that  a  part  of  the  iron  through  which  it 
was  being  forced  would  drag,  and  not  be  sharply  severed.  Portions 
of  the  uplifted  strata  at  the  base  of  both  these  mountains  seem  to 
have  thus  dragged  during  their  elevation,  while  other  portions  were 
sharply  severed  as  if  the  displacement  had  really  been  done  by  a  huge 
punch  acting  from  beneath  ;  producing,  of  course,  an  ordinary  fault 
there. 

Referring  to  the  fact  that  the  two  upthrusts  have  taken  place  upon 
the  axis  of  the  inceptive  portion  of  Uinta  fold,  and  apparently  after 
that  portion  had  reached  its  present  stage,  it  is  well  to  turn  aside  for 
the  moment  to  notice  further  certain  other  phenomena  which  are 
correlated  with  this,  and  to  consider  their  probable  significance. 
The  phenomena  referred  to  indicate  that  while  the  displacements 
now  observable  in  that  region  were  in  progress  there  were  many 
local  arrests  and  accelerations  of  the  elevating  movement  which  pro¬ 
duced  a  final  diversity  among  them  that  did  not  exist  in  their  incep¬ 
tion.  For  example,  the  present  structural  condition  of  the  Uinta 
fold  seems  to  warrant  the  assumption  that  it  was  once,  along  its 
entire  length,  in  the  condition  in  which  the  inceptive  portion  now 
is,  except  for  the  presence  of  the  two  upthrusts ;  furthermore,  that 
these  upthrusts,  as  well  as  the  main  portion  of  the  fold,  continued 
their  upward  progress  while  what  I  call  the  inceptive  portion  re¬ 
mained  as  it  was  when  its  elevation  was  arrested. 

Again,  it  may  be  assumed  that  the  subordinate  folds  adjacent  to 
the  eastern  end  of  the  main  U inta  fold  all  had  an  approximately  equal 
start  with  the  latter,  but  that  the  final  extent  of  the  upward  move¬ 
ment  was  different  in  each  case.  For  example,  when  the  Midland 
fold  ceased  to  rise  the  elevation  of  the  others  continued.  Then  the 
rise  of  Yam  pa  Plateau  fold  ceased,  while  that  of  the  great  fold  con¬ 
tinued  until  its  completion.  These  successive  steps  are  well  indi¬ 
cated  in  the  section,  Fig.  59. 

The  elevating  force  was  not  only  strangely  concentrated  in  the 
case  of  the  two  upthrusts,  but  it  seems  to  have  been  applied  in  an 
unusual  manner,  especially  when  we  consider  the  position  of  the 
longer  axis  of  each  with  relation  to  that  of  the  other,  and  also  to 
that  of  the  Uinta  fold.  It  has  been  mentioned  that  the  direction  of 
the  longer  axis  of  the  Junction  upthrust  is  northeasterly  and  south¬ 
westerly.  Viewing  these  upthrusts  only  in  relation  to  the  Uinta  fold 
proper,  and  regarding  them  as  nearly  or  quite  isolated  portions  of  the 
same,  one  would  naturally  expect  to  find  their  longer  axes  coinciding 
with  a  line  projected  from  the  axis  of  the  main  fold,  and  he  would  also 
expect  to  find  the  intervening  strata  along  that  line  to  have  partaken 
largely  in  the  upward  movement.  That  is,  in  view  of  the  simplicity 
of  the  main  portion  of  the  U inta  fold  one  might  naturally  expect  to  find 
evidence  that  the  uplifting  force  which  was  applied  along  its  entire 
axis  would  have  acted  with  approximate  uniformity.  But  the  fore- 
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going  statements  show  that  neither  of  the  axes  of  the  two  upthrusts 
coincide  with  such  a  line  or  with  each  other.  Also,  that  only  a 
slight  elevation  of  the  strata  has  occurred  along  the  inceptive  portion 
of  the  Uinta  fold,  as  compared  with  that  of  the  main  portion  and 
with  the  upthrusts. 

While  the  Danforth  Hills  uplift  holds  an  intermediary  relation  to 
both  the  Uinta  and  Park  ranges,  it  seems  natural  to  regard  the  two 
upthrust  mountains  as  outlying  members  of  the  Uinta  Range,  and 
there  also  seems  to  be  no  sufficient  ground  for  doubt  that  both  up¬ 
thrusts  were  produced  as  a  part  of  the  orogenic  movements  which 
resulted  in  the  final  completion  of  the  Uinta  fold.  Still,  the  relative 
position  and  the  peculiarities  of  these  upthrusts  are  such  that  it  is 
evident  they  ought  to  be  studied,  not  with  reference  to  that  fold 
alone,  but  also  with  reference  to  the  Park  Range  of  the  Rocky 
Mountain  system.  Such  a  study  not  only  reveals  the  existence  of 
an  intimate  relationship  between  the  two  great  ranges,  but  it  dis¬ 
covers  evidence  that  both  of  them,  together  with  their  subordinate 
folds,  their  spurs,  and  the  two  upthrust  mountains,  are  all  the  re¬ 
sults  of  one  great  system  of  orogenic  movements. 

A  part  of  the  facts  showing  the  relationship  of  the  Uinta  to  the 
Park  Range  has  already  been  mentioned,  and  in  support  of  this 
view  the  following  remarks  may  be  added  :  A  large  irregular  spur 
of  the  Park  Range,  known  as  the  White  River  Plateau,  reaches 
within  the  limits  of  this  district.  In  this  plateau,  a  large  part  of 
which  is  shown  on  the  lower  right  hand  portion  of  the  accompanying 
map,  the  Carboniferous  rocks  are  brought  to  view  as  they  are  in  the 
Uinta  Range  and  in  the  two  upthrusts.  Along  its  western  base  also 
the  same  Mesozoic  formations  which  are  upturned  at  the  base  of 
the  Uinta  Mountains  are  there  upturned,  and  their  outcrop  thus 
formed  extends  far  southward  along  the  western  flank  of  the  Park 
Range.  The  Fox  Hills  and  Laramie  strata  thus  upturned  constitute 
what  is  known  as  the  Great  Hogback. 

A  part  of  these  formations,  less  abruptly  upturned,  may  be  traced 
by  a  broad  curve  continuously  across  the  intervening  space  between 
the  two  ranges  from  the  western  base  of  the  White  River  Plateau  to 
the  southern  base  of  the  accessory  folds  of  the  Uinta  Range.  The 
general  trend  of  these  upturned  formations  approximately  corre¬ 
sponds  with  that  of  the  inceptive  portion  of  the  Uinta  axis,  but  it  is 
somewhat  modified  by  the  presence  of  the  Danforth  Hills  uplift. 
Their  dip  also  corresponds  with  the  comparatively  gentle  elevation 
of  the  inceptive  fold,  and  there  is  almost  nowhere  any  indication 
that  either  the  dip  or  trend  has  been  affected  by  either  of  the  two 
upthrusts. 

With  the  two  great  mountain  folds  rising  by  simultaneous  stages 
at  right  angles  with  each  other  and  serving  as  ponderous  buttresses 
on  either  hand,  it  is  not  strange  that  any  elevating  force  which  may 
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have  been  exerted  along  and  at  either  end  of  the  intervening  space 
should  have  been  diversely,  if  not  abnormally  applied.  The  results 
of  this  diversity  in  the  application  of  elevating  force  are  conspicu¬ 
ously  seen  in  the  extraordinary  cases  of  its  local  restriction  ;  in  the 
diverse  positions  of  the  resulting  subordinate  axes,  and  in  the  vary¬ 
ing  heights  to  which  closely  adjacent  vertical  displacements  have 
reached,  all  of  which  have  been  discussed  on  preceding  pages.  An 
explanation  of  the  mode  of  origin  of  these  phenomena  ought  doubt¬ 
less  to  be  sought  in  connection  with  studies  in  dynamic  geology,  to 
complete  which  would  lead  the  investigator  far  beyond  the  limits  of 
the  district  specially  considered  in  this  article. 

CANONS  TRAVERSING  THE  UPTHRUSTS  AND  FOLDS. 

The  phenomena  described  on  the  preceding  pages  are  certainly  of 
great  interest,  and  a  part  of  them  are  very  remarkable  ;  but  some  of 
those  which  are  now  to  be  described,  and  which  pertain  to  the  sec¬ 
ond  of  the  categories  mentioned  in  the  opening  paragraph  of  this 
article,  are,  if  possible,  still  more  remarkable.  Those  now  to  be  con¬ 
sidered  have  reference  to  the  corrasion  of  the  valleys  and  canons  of 
the  rivers  which  traverse  the  same  region,  and  a  part  of  which  cut 
through  the  uplifts  that  have  been  described. 

To  most  persons  it  would  seem  natural  to  infer  that  the  rivers 
which  traverse  a  mountain  region  would  flow  through  the  low  lands, 
avoid  the  mountains,  and  pass  around  the  end  of  the  ranges  rather 
than  through  them.-  This  region,  however,  presents  remarkable 
examples  of  an  entirely  different  character ;  that  is,  the  principal 
rivers  here  flow  in  narrow  canons  along  a  part  of  their  course,  which 
they  have  themselves  evidently  cut.  Not  only  is  the  eastern  portion 
of  the  Uinta  Mountain  Range  traversed  in  different  directions  by 
such  canons,  with  the  rivers  at  the  bottom,  but  isolated  mountains 
surrounded  by  low  lands  are  similarly  traversed  in  the  same  region. 
Even  when  taking  into  consideration  the  geological  structure  of  a 
region,  it  would  not  seem  unnatural  to  suppose  that  the  rivers  would 
generally  be  found  to  run  in  synclinal  valleys  between  such  folds  of 
the  strata  as  may  have  been  elevated  in  their  vicinity.  It  is  true 
that  a  river  within  this  region  is  sometimes  found  to  occupy  a  syn¬ 
clinal  valley  for  a  short  distance ;  but  such  cases  are  rare,  while  we 
find  numerous  examples  of  rivers  traversing  such  elevated  folds  as 
have  been  described.  Indeed,  these  rivers  traverse  the  folds  in  such 
directions,  and  occupy  such  positions  in  relation  to  them,  as  to  show 
that  the  folds  have  exerted  little  or  no  appreciable  influence  on  the 
location  of  the  rivers.1 

1  All  the  various  conditions  of  drainage  with  its  relation  to  the  underlying  geological 
structure,  which  occur  in  this  region,  have  been  fully  described  and  discussed  by 
Powell  in  his  Exploration  of  the  Canon  of  the  Colorado,  pp.  160  to  166,  to  which  the 
reader  is  referred. 
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The  streams  which  drain  this  district,  as  before  mentioned,  are 
Green,  Yampa,  Snake,  and  White  Rivers,  the  latter  traversing  only 
a  portion  of  its  southern  border.  After  leaving  the  foot-hills  of  the 
Park  Range,  White  River  reaches  its  confluence  with  the  Green 
without  having  cut  any  important  canons  in  either  the  Great  Hog¬ 
back  or  the  Raven  Park  fold,  both  of  which  uplifts  it  traverses.  It 
has,  however,  cut  some  interesting  canons  through  the  Tertiary  strata 
along  other  portions  of  its  course ;  but  as  these  are  of  somewhat  dif¬ 
ferent  character  from  those  to  which  I  shall  especially  refer  they 
need  not  now  be  discussed. 

Snake  River,  after  receiving  the  waters  of  its  main  tributaries 
from  the  foot-hills  of  the  Park  Range,  flows  southwestwardly  through 
comparatively  open  country  to  its  confluence  with  the  Yampa  with¬ 
out  traversing  any  conspicuous  uplift  of  the  underlying  strata  in  its 
course.  It  even  passes  closely  around  the  northern  end  of  Junction 
Mountain  and  reaches  its  confluence  with  the  Yampa  in  Lily’s  Park 
through  the  narrow  strip  of  low  land  (which  is  a  true  synclinal  valley) 
between  that  mountain  and  the  eastern  end  of  the  U inta  Range.  In 
short,  it  follows  such  a  course  as  those  unacquainted  with  other  con¬ 
ditions  would  naturally  expect  a  river  to  choose.  But  in  this  respect 
Snake  River  is  really  an  exception  to  the  general  rule  which  is  appli¬ 
cable  to  the  other  rivers  that  traverse  this  district,  as  will  be  seen  by 
the  following  remarks  on  the  canons  of  Green  and  Yampa  Rivers. 

It  is  true  that  the  course  of  both  Green  and  Yampa  Rivers  is  in 
large  part  through  open  country,  or  through  lands  that  are  not 
mountainous,  where  they  have  had  only  the  later  and  softer  forma¬ 
tions  through  which  to  cut  their  way.  But  while  peacefully  flowing 
along  such  portions  of  their  course  they  often  strangely  leave  these 
seemingly  favorable  positions  to  traverse  mountains  or  other  eleva¬ 
tions  which  in  most  cases  are  composed  of  harder  strata  than  those 
over  which  the  rivers  had  previously  been  flowing.  In  traversing 
these  mountains  also  they  almost  invariably  do  it  by  narrow  canons, 
the  walls  of  which  are  often  nearly  or  quite  perpendicular,  and  of 
great  height. 

THE  UINTA  CANONS  OF  GREEN  RIVER. 

Green  River  flows  southward  through  the  central  portion  of  the 
Green  River  Basin,  towards  the  eastern  portion  of  the  Uinta  Range 
of  mountains  which  lies  directly  across  the  river’s  course.  Upon 
reaching  the  foot-hills  the  river  at  once  passes  through  them  and 
enters  the  northern  side  of  the  range.  Here,  after  making  a  sharp 
bend  in  what  is  called  Horseshoe  Canon,  as  if  it  were  about  to  return 
upon  itself,  it  sweeps  by  another  bend  further  into  the  range  and  pur¬ 
sues  its  course  for  a  long  distance  through  deep,  narrow  canons.  Af¬ 
ter  the  river  has  reached  well  within  the  range  it  turns  suddenly  east¬ 
ward,  its  course  now  being  through  Red  Canon,  which  lies  nearly 
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parallel  with  the  axis  of  the  Uinta  fold.  From  this  canon  it  emerges 
into  Brown’s  Park,  the  low  lands  of  which  it  traverses  for  a  distance 
of  about  25  miles,  its  general  course  there  being  a  little  to  the  south 
of  east.  A  less  distance  farther  in  that  direction  would  have  carried 
it  over  similar  low  lands  to  the  eastern  terminus  of  the  Uinta 
Range,  around  which,  and  then  southward,  the  low  lands  continue. 
Instead  of  availing  itself  of  this  seemingly  favorable  route  to  reach 
the  southern  side  of  the  Uinta  Range,  where  lies  its  destined  course, 
the  river  leaves  Brown’s  Park  at  the  point  indicated,  and  turning 
suddenly  southward  it  re-enters  the  Uinta  Range  by  the  “Gate  of 
Lodore,”  which  is  the  northern  end  of  the  narrow  canon  by  which 
the  river  traverses  the  whole  width  of  the  Uinta  Range.  •  The  canon 
walls  of  the  Gate  of  Lodore  rise  abruptly  from  the  river  and  from  the 
south  side  of  Brown's  Park,  where  they  are  more  than  2,000  feet  in 
perpendicular  height  above  the  river  ;  and  some  of  the  higher  points 
near  and  along  the  course  of  the  canon  are  fully  1,000  feet  higher. 

After  traversing  the  whole  width  of  the  main  range,  the  river 
emerges  into  the  short,  narrow,  synclinal  valley  between  Split  Moun¬ 
tain  and  the  main  range.  This  valley,  as  has  already  been  shown, 
communicates  with  the  low  lands  which  lie  toward  the  south,  the  di¬ 
rection  in  which  the  river  finally  flows.  But  instead  of  pursuing  its 
way  by  this  apparently  favorable  route  the  river  enters  Split  Mount¬ 
ain,  cutting  entirely  through  it,  and  leaving  its  canon  walls  of  hard 
rock  towering  on  either  hand  to  the  dizzy  height  of  nearly  half  a  mile. 
Then,  and  not  till  then,  does  the  wayward  river  consent  to  go  on  its 
quiet  course  through  the  open  country  towards  its  junction  with 
Grand  River,  where  its  waters,  mingled  with  those  of  that  river  to 
form  the  Colorado,  flow  through  still  more  profound  and  remarkable 
canons  beyond. 

YAMPA  MOUNTAIN  CANON. 

The  course  of  Green  River  across  the  upfolded  Uinta  Range,  which 
consists  there  wholly  of  the  hard  strata  of  the  Paleozoic  formations, 
when  apparently  it  might  so  easily  have  gone  around  it  upon  low 
lands  and  have  made  its  channel  through  softer  formations,  is  so  re¬ 
markable  as  to  arrest  the  attention  of  every  observer.  But  the 
Yampa  is  perhaps  the  most  remarkable  of  all  the  rivers  in  that 
region  with  reference  to  their  seeming  disregard  of  favoring  condi¬ 
tions  of  location.  This  river  rises  by  numerous  tributaries  among 
the  mountains  of  the  Park  Range,  where  it  has  a  turbulent  course 
of  many  miles  through  rocky  defiles  and  narrow  valleys.  Then 
emerging  from  the  foot-hills  of  the  range,  it  traverses  the  open 
country  which  lies  toward  the  west,  its  general  direction  being 
toward  the  eastern  end  of  the  Uinta  Range  and  along  the  greater 
part  of  the  length  of  Axial  Basin.  This  latter  part  of  its  course, 
being  approximately  upon  the  axis  of  the  inceptive  portion  of  the 
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Uinta  fold,  Yampa  and  Junction  Mountains  lie  directly  in  its  way, 
while  around  these  mountains  lie  the  low  lands  already  described. 

Upon  reaching  Yampa  Mountain,  the  river,  in  almost  seeming 
wantonness,  cuts  its  way  by  a  short  canon  through  the  hard  Paleo¬ 
zoic  rocks  which  form  the  northern  flank  of  the  mountain,  making 
a  small  bend  into  its  mass,  instead  of  swerving  a  little  in  the  other 
direction  and  passing  at  its  northern  side  upon  the  low  land  there. 
This  canon,  compared  with  others  in  that  region,  is  insignificant,  for 
it  is  very  short  and  its  walls  are  only  from  GOO  to  800  feet  in  maxi¬ 
mum  height  above  the  adjacent  low  lands ;  but  considered  in  con¬ 
nection  with  the  geological  structure  beneath,  it  is  very  remarkable. 

JUNCTION  MOUNTAIN  CANON. 

From  Yampa  Mountain  the  river  flows  quietly  over  the  low  lands 
of  Axial  Basin  to  Junction  Mountain,  which  it  cuts  through  in  a 
similar  manner.  As  one  stands  upon  Junction  Mountain  and  looks 
out  over  the  broad  low  land  which  lies  adjacent  to  its  northeastern 
side  and  is  continuous  with  Axial  Basin  toward  the  east  and  with 
Brown’s  Park  toward  the  west,  the  opportunity  seems  especially  fa¬ 
vorable  for  the  Yampa  to  have  reached  the  further  side  of  Junction 
Mountain  by  joining  Snake  River  near  the  northern  end  of  the  mount¬ 
ain.  Indeed,  for  more  than  half  its  course  after  leaving  Yampa 
Mountain  the  river  trends  in  that,  direction  as  if  it  were  destined  to 
go  there  ;  but  instead  of  doing  so,  it  makes  a  distinct  bend  south- 
westward,  goes  direct  to  Junction  Mountain  and  cuts  off  its  south¬ 
ern  end,  as  it  had  already  cut  off  the  northern  end  of  Yampa 
Mountain.  The  strata  of  hard  rock,  which  are  upturned  like  a 
broken  dam  at  the  foot  of  the  steep  mountain  side,  constitute  no  im¬ 
pediment  to  the  course  of  the  river,  and  without  swerving  to  the  right 
or  left  it  enters  the  mountain  and  traverses  it  by  a  narrow  canon, 
the  almost  perpendicular  walls  of  which  reach  a  maximum  height  of 
from  1,000  to  1,200  feet  above  the  low  land  at  either  end  of  the  canon. 

YAMPA  CANON. 

After  having  traversed  Junction  Mountain,  the  river  has  a  peaceful 
course  of  eight  or  ten  miles  through  Lily's  Park,  which  is  merely  a 
broadening  of  the  valley,  where  it  receives  the  waters  of  Snake 
River.  Then,  instead  of  joining  Green  River  by  way  of  the  low 
land  at  either  the  northern  or  southern  side  of  the  Uinta  Range,  it 
boldly  enters  its  eastern  end,  crossing  the  upturned  strata  there  as  it 
had  done  in  the  former  cases.  From  here  the  remainder  of  the 
river’s  course  is  through  a  narrow  canon,  which,  for  a  large  part  of  its 
length,  is  fully  1,200  feet  deep,  and  which  joins  the  canon  of  Green 
River  before  the  latter  emerges  from  the  southern  side  of  the  range. 
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The  distance  from  end  to  end  of  Yampa  Canon,  in  a  straight  line, 
is  about  twenty  miles.  While  it  meanders  to  some  extent,  its  gen¬ 
eral  course  is  direct,  and  coincides  approximately  with  the  axis  of 
the  Uinta  fold.  That  is,  the  narrow  canon  has  been  cut  perpen¬ 
dicularly  into,  and  mainly  along  the  strike  of,  the  hard  Carbonifer¬ 
ous  strata,  where  they  have  their  southerly  dip  in  the  southern  flank 
of  that  fold.  In  short,  the  position  and  direction  of  the  river  are 
such  with  relation  to  the  dip  and  trend  of  the  strata  there  that  no 
indication  is  apparent  that  the  latter  have  had  any  influence  in  de¬ 
termining  the  former. 


CONCLUDING  REMARKS. 

If  the  phenomena  relating  to  the  river  canons  of  this  district 
which  have  just  been  described  were  considered  without  reference 
to,  or  any  knowledge  of,  a  geological  history  of  the  region  in  which 
they  occur,  they  would  be  wholly  inexplicable  ;  but  considered  with 
reference  to  that  history,  their  origin  is  easily  explainable.  And 
yet,  with  all  the  relevant  facts  in  mind,  even  he  who  is  accustomed 
to  weigh  and  consider  such  evidence  is  often  amazed  at  the  results 
which  have  been  produced  by  the  forces  which  are  and  have  always 
been  in  constant  operation  upon  the  face  of  the  earth. 

The  following  summary  statement  of  the  origin  of  these  phenom¬ 
ena  is  given  in  a  few  words,  but  a  careful  examination  of  Powell’s 
elaborate  statement  of  the  subject  (op.  cit. ),  should  not  be  omitted.* 1 
The  rivers  of  the  region  occupied  the  surface  before  it  was  elevated 
to  any  considerable  height  above  the  level  of  the  sea,  and  before  the 
region  was  greatly  disturbed  by  orogenic  movements.  When  the 
uplifts  were  formed  in  which  the  mountains  originated,  the  rivers 
refused  to  yield  “the  right  of  way.”2 3  That  is,  the  rivers  were 

1  This  subject  is  also  well  stated  by  Dutton  in  the  Second  Ann.  Rep.  of  the 
Director  of  the  U.  S.  Geol.  Survey,  pp.  60-63. 

2  The  theory  is  entertained  by  some  geologists  that  the  later  formations  completely 
mantled  the  whole  region  after  the  great  displacements  which  have  been  de¬ 
scribed  occurred,  and  after  resulting  mountains  and  other  great  topographic  features 
were  produced.  Further,  that  the  present  drainage  system  was  established  upon 
the  surface  of  those  later  formations,  and  that  the  streams  have  dropped  to  their 
present  levels  as  the  surface  of  the  region  gradually  became  degraded  by  erosion. 
Such  a  theory  requires — 

(1)  That  the  present  drainage  system  of  which  the  Colorado  is  the  principal  chan¬ 
nel  was  established  after  the  close  of  the  Tertiary  period. 

(2)  That  this  system  was  established  upon  a  land  surface  the  lower  portions  of 
which  were  then  at  an  elevation  little  if  any  less  than  10,000  feet  above  the  level  of 
the  sea,  a  large  part  of  it  at  a  still  greater  elevation. 

(3)  That  to  give  the  requisite  amount  of  drainage  water  to  produce  the  vast  erosion 
and  corrasion  which  have  taken  place  there,  the  geographical  extent  of  that  greatly 
elevated  region  must  have  been  quite  equal  to  that  which  is  now  drained  by  Green 
River  and  its  tributaries. 

The  possibility  that  such  conditions  could  have  existed  seems  inadmissable. 
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established  in  a  large,  comparatively  plain  region,  which  they 
drained,  their  location  having  been  determined  by  conditions  then 
prevailing.  Subsequently,  movements  of  the  earth’s  crust  took 
place  in  the  same  region,  resulting  in  broad  elevations  and  in 
elongate  folds  and  locally  restricted  uplifts,  the  material  of  which, 
after  great  erosion,  became  respectively  the  high  plateaus,  mount¬ 
ain  ranges,  and  isolated  mountains  or  mountain  clusters  which  now 
exist.  When  the  later  part  of  the  elevation  of  the  great  Plateau 
Province  took  place  its  pre-existing  drainage  system  was  necessarily 
raised  with  it  to  some  extent,  so  that  their  river  beds  are  now  at  a 
higher  level  above  the  sea  than  they  originally  were.  But  this 
elevation  of  the  river  beds  has  been  little  as  compared  with  that  of 
the  present  land  surface,  and  especially  so  if  compared  with  the 
amount  of  vertical  displacement  that  has  taken  place  there  since  the 
rivers  were  first  established,  because  the  rivers  have  maintained  a 
comparatively  low  level  for  their  beds  by  cutting  deep  canons  in  the 
rising  land. 

When  a  fold  like  that  of  the  Uinta  Range,  for  example,  began  its 
elevation  across  or  along  the  course  of  one  of  these  rivers,  the  cor- 
rasive  action  of  the  latter  was  immediately  exerted  upon  the  threat¬ 
ened  obstruction,  and  overcame  it  regardless  of  the  hardness  of  the 
uplifted  rock,  and  this  action  did  not  cease  or  fail  in  its  effect  as 
long  as  the  elevation  continued.  This  corrasive  action  of  rivers  is, 
indeed,  very  slow ;  so  also  has  been  the  movement  of  elevation,  the 
one  having  balanced  the  other  even  through  thousands  of  feet  of 
vertical  elevation  of  the  underlying  rocks.  In  view  of  the  stupen¬ 
dous  effects  of  the  action  of  these  two  forces  which  may  be  witnessed 
in  the  canons  of  the  region  here  discussed,  and  in  the  still  grander 
canons  of  the  Colorado,  one  becomes  impressed  with  the  immensity 
of  the  results  which  may  be  accomplished  by  slowly  acting  forces 
through  long  periods  of  time. 

Not  only  were  the  rivers  not  checked  in  their  flow  when  mountain 
folds  were  elevated  athwart  their  course,  but  they  refused  to  be 
thrust  aside  by  such  folds  as  may  have  been  raised  either  directly  or 
partially  beneath  them  with  the  direction  of  their  axes  coinciding 
more  or  less  nearly  with  that  of  the  river’s  course.  The  longer 
canon  of  Yampa  River,  upon  the  southern  flank  of  the  Uinta  fold, 
and  Red  Canon  of  Green  River,  upon  its  northern  flank,  are  examples 
of  such  canons  as  have  been  cut  in  a  direction  approximately  parallel 
with  the  axis  of  a  fold  which  has  been  elevated  from  beneath  them, 
while  the  direction  of  Lodore  Canon,  of  the  latter  river,  is  transverse 
to  the  axis  of  the  fold. 

But,  since  these  longer  canons  traverse  broad  folds  and  elevated 
areas,  it  may  be  suggested  that  the  rivers  which  produced  them  were 
less  liable  to  be  swerved  from  their  original  courses  by  the  vertical 
movement  which  took  place  beneath  them  than  they  would  be  in  the 
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case  of  tlie  rising  of  narrow  folds  and  of  such  upthrusts  as  have  been 
described.  But  the  facts  already  presented  show  that  the  elevation 
of  not  only  the  narrowest  folds,  but  even  that  of  the  two  upthrusts 
which  have  been  described  did  not  cause  the  rivers  under  which  their 
elevation  began  to  swerve  from  their  original  courses  as  the  eleva¬ 
tion  progressed,  to  the  extent  of  more  than  a  few  rods.  This  fact  is 
exemplified  in  Split  Mountain,  where  Green  River  cuts  a  short,  deep 
canon  through  that  prominent  spur  of  Yampa  Plateau  ;  but  it  is  more 
conspicuously  shown  where  Yampa  River  traverses  both  the  Junction 
and  Yampa  Mountain  upthrusts. 

I  am  sure  that  the  phenomena  described  on  the  foregoing  pages 
merit  the  statement  made  in  the  opening  paragraphs  of  this  article 
that  they  possess  peculiar  interest ;  but,  among  them  all,  none  are 
more  likely  to  permanently  impress  the  reader  than  those  which  are 
connected  with  the  two  upthrusts  and  the  short  caiions  which  trav¬ 
erse  them. 
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